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FOREWORD TO STUDENTS 

This Radiological Safety Handbook is a study aid for students 
attending the Radiological Safety Course instructed by the NBC Division, 
Chemical and Ground Support Training Department, U.S. Army Ordnance 
Center and School, Aberdeen Proving Ground, MD 21005. It should prove 
invaluable in providing students with the practical knowledge of solving 
problems pertinent to radiological safety - a must for the completion of 
this course - and will be a valuable asset for on-the-job reference. 

Subjects are presented numerically according to their file 
numbers, with pages within each lesson numbered in sequence. 

Each lesson file number is presented in five parts as applicable. 

I. References and/or Discussion. 

II. Lesson Objectives and Notes. 

III. Laboratory Exercise and/or Handouts. 

IV. Problems. 

V. Solutions to Problems. 

Because there may be several correct methods of solving the 
problems, the solutions given are for only one method. Other methods 
may be equally valid but may give a slightly different numerical 
answer; reasonable agreement, though, is necessary. 

This publication has deliberately been slanted toward a specific 
objective; there is no claim of its being exhaustive or all-inclusive. 
Instructors will be happy to recommend other references when further 
information is desired or required. 

The NBC Division welcomes any comments or corrections concerning 
this handbook. 


iv 



RADIATION SAFETY PRECAUTIONS. 


A. Radiation Hazards. 


To train personnel properly in the use and operation of radiac 
instruments, radioactive materials are used in many of the exer¬ 
cises conducted in the Radiological Laboratories. There is a 
health hazard involved when these radioactive materials are used. 
Safety measures have been prescribed so that these hazards may 
be reduced to a safe limit. An office has been set up to insure 
that these safety measures are carried out. This organization 
is known as the Health Physics Division. 

B. Safety Procedures . 

1. The fundamental purposes for radiation safety measures are: 

a. to prevent ingestion, inhalation, or other entry of 
radioisotopes into the body, 

b. to maintain the amount of external exposure to ionizing 
radiation below permissible limits, and 

c. to minimize the exposure of personnel to harmful ionizing 
radiation. 

2. The prescribed radiation safety precautions used at the U. S. 

Army Ordnance Center and School include the following: 

a. Personnel will wear film badges for all laboratory 
periods . These film badges are initially signed for 
by students in the home classroom. For all classes 
requiring film badges, students obtain them from the 
film badge racks outside the scaler lab (classroom T). 

These racks contain numbered film badges. Posted above 
the racks is a class roster indicating the film badge 
assigned to each student. Records of radiation exposures 
are made for all personnel exposed to radiation at the 
School. These records are kept on permanent file in the 
Radiation Dosimetry Section, and at the conclusion of 
each class the student's organization receives a copy 

if his dose exceeds 20 mrem. 

b. No smoking, drinking, or eating is permitted at any time 
in the presence of radioactive materials . Areas in the 
laboratories in which these safety precautions are en¬ 
forced are the scaler laboratory (LAB 9), laboratory 4 & 5, 
Bldg 5218, and the alpha monitoring area. 
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c. Hands will be washed prior to each departure from the 
laboratory when radioactive emitters have been handled . 
Lavatory facilities are provided for this purpose. 

d. Radioactive materials used for the calibration of radiac 
instruments will not be handled or tampered with in any 
way by unauthorized personnel. 


STRUCTURE OF MATTER 





DB010, STRUCTURE OF MATTER 


I. References: Chapters 1 and 2 attached; ST 3-155, para 1. 1-1.5. 
II. Lesson Objectives and Notes: 

A. Concept of atoms including protons, electrons, and neutrons. 

B. Use of the A and Z number notation. 

C. Concept of isotopes. 
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Notes 


III. 

IV. 

V. 


Handouts: 

Problems: 

Solutions: 


None 

None 

None 
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CHAPTER 1 


STRUCTURE OF MATTER 


1.1. GENERAL 

In order to understand nuclear radiation, one must acquire a knowl¬ 
edge of the structure of matter, particularly the structure of the atom. 
Nuclear radiation comes from within matter as a spontaneous emission; 
specifically, it comes from the nucleus of the atom. This chapter 
provides a brief discussion of the structure of the atom as a back¬ 
ground for studying the nature of radiation. 

1.2. KLIMENTS AND COMPOUNDS 

a. The following definitions dealing with the structure of matter 
are necessary: 

(1) Elements are pure substances which cannot be broken down 
into simpler substances by chemical reactions. The smallest 
subdivision of the element which maintains the properties of 
the element is the atom. 

(2) Compounds are substances (consisting of two or more elements) 
which may be broken down into simpler substances by chemical 
reactions; and, likewise, may be formed from simpler sub¬ 
stances. The new substances formed do not exhibit the 
characteristics of the original substance. For example, 
sugar is a compound which can be broken down into the ele¬ 
ments carbon, hydrogen, and oxygen. The smallest subdivision 
of the compound which still retains its properties is the 
molecule, which is a group of two or more atoms tightly held 
together. 

b_. The distinction between an element and a compound is made on the 
basis of chemical reactions. Means of producing chemical reactions 
include such procedures as heating, applying pressure, using a substance 
which promotes reaction (catalyst), electrolysis, or other change. If 
large numbers of reproducible experiments on some pure isolated substance 
show that none of these means is capable of breaking the substance down 
into still other substances, then the substance is said to be an element. 
There are 92 naturally occurring elements and in recent times 11 addi¬ 
tional elements have been produced artificially in laboratories. From 
these 103 elements, it is possible to produce by chemical reaction all 
the compounds known (as well as many that are as yet unknown). For 
example, water is made up of the elements hydrogen and oxygen. 'When 
two atoms of hydrogen combine with one atom of oxygen, they form one 
molecule of the compound water. 
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c. It is exceedingly difficult to visualize the fantastically small 
size of atoms. For example, in one grain of ordinary table salt, there 
are approximately 1 , 300 ? 000 , 000 , 000 , 000 , 000,000 atoms, half of -which 
are sodium atoms and half of which are chlorine atoms. Each atom has 
a diameter of about 0.00000001 centimeter. 


d. Each element has a different name and is represented by a symbol, 
which Is simply a shorthand notation. For example, the element hydrogen 
is given the symbol "H"; the symbol for the element helium is "He." In 
general, these symbols are chosen as the first letter or first two let¬ 
ters of the element name, although to avoid duplication it may be neces¬ 
sary’- to use the first letter and a letter other than the second. Also, 
some of the symbols appear Illogical because they are based on the old 
Latin names for the elements, such as "Na" for sodium and "Au” for gold. 
The great advantage of the element symbols is that they enable one to 
represent chemical reactions and chemical compounds in an abbreviated 
fashion; for example, the statement that a molecule of water Is composed 
of two atoms of hydrogen and one atom of oxygen may be abbreviated by 
saying that the formula for water is "H 2 O." 

1.3. ATOMIC STRICTURE 

a. In spite of their extremely small size, atoms are built up from 
still smaller particles. There are three such particles, the electron, 
the proton, and the neutron . The many different kinds of atoms are all 
produced by combining these three particles in different numbers. 

b_. Although atoms from one element differ from those of another, all 
atoms have the same general type of structure and are often described 
by comparing them to our solar system. (Although we now know this is 
not strictly correct, its features give a good explanation of the simple 
phenomena which will be considered in this text.) The nucleus is the 
center of the atom, just as the sun is the center of our solar system. 
The nucleus has a positive electrical charge and is composed of one or 
more protons and neutrons . Moving at great speed around the nucleus 
in orbits, much as planets move about the sun, are a number of particles 
called electrons . The electrons have a negative charge. This structure 
is illustrated in figure 1.3a. 
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ORBITS 

Electrons (in orbit) 



NUCLEUS 


f 

1 


Protons 

Neutrons 


Figure 1.3a. Structure of an atom. 


c_. The electrons are not distributed at random about the nucleus, 
but exist in arrangements that follow definite laws. As the atom 
becomes more complex the electrons are found in several orbits or 
shells of different sizes. No more than two electrons may be present 
in the first shell, no matter which atom is under consideration. If 
an atom has more than two electrons, the electrons in excess of two 
will lie in shells past the first one. The shells are normally desig¬ 
nated by capital letters, the first shell being denoted by K, the 
second by L, the third by M, and so on (fig. 1.3b). In the more com¬ 
plex atoms, like those of radium and uranium, there are as many as 
seven electron shells surrounding the nucleus of the atom. 

d_. The nucleus contains almost all of the mass of the atom, yet 
the diameter of the atom is roughly 10,000 times the diameter of the 
nucleus. The atom, therefore, is composed mostly of empty space. 

e. One may very well wonder what holds the atom together. It is 
well known that unlike electrical charges attract one another, whereas 
like electrical charges repel one another. Since the electrons have a 
negative charge and the nucleus has a positive charge, there is a force 
of attraction between them. What, then, keeps the electron from being 
pulled into the nucleus? The electrons are traveling at great speeds 
in orbits about the nucleus, and, as a result, there is a centrifugal 
force tending to throw the electron away from the nucleus. The balance 


5 




Figure 1.3b. Atom structure shoving shell designations. (Struc¬ 
ture of a carbon atom shoving nucleus containing 6 
protons and 6 neutrons surrounded by 2 electrons in 
the first, or "K," shell and h electrons in the "L" 
shell.) 


betveen the attractive electrical force and the centrifugal force keeps 
the electrons in their orbits. 

f. Let us consider tvo properties of each of the three kinds of 
particles of an atom: their charge and their mass . The term " charge ” 
refers to their electrical charge. The magnitude of the electrical 
charge on an electron has been chosen as one unit of charge. The term 
" mass" refers to a measure of the quantity of matter and atomic mass is 
the measure of the quantity of matter in an atom. Because atoms are 
so very small, it vould be exceedingly inconvenient to give their 
masses in terms of pounds, ounces, or even grams. A different system 
has been arbitrarily set up. It is called the atomic mass unit (amu) 
system. One atomic mass unit is a relative unit defined by arbitrarily 
assigning to the atom of ordinary carbon a mass of 12 amu. On this 
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scale the mass of the proton is approximately 1 atomic mass unit and 
the other particles may be compared with it as a standard. 

(1) The electron is a negatively charged particle (charge of -l) 
and has a mass of approximately 1/1845 atomic mass unit. Ib 
is by far the lightest of the three basic particles. 

(2) The proton has a mass of approximately 1 atomic mass unit and 
has a charge of +1. 

( 3 ) The neutron has a mass only slightly larger than that of a 
proton. For the purposes of this text, it may be said that 
it has a mass of 1 atomic mass unit. (its mass may be stated 
as 1+ to indicate that it is slightly more than that of the 
proton.) The neutron has no electrical charge (neutral). 

Since the nucleus of an atom has only protons and neutrons in 
it, it has a positive electrical charge and the magnitude of 
this charge is the same as the number of protons in the nucleus. 
The properties of these particles are summarized in table 1.1. 


Table 1.1. Properties of Atomic Particles 


Particle 

Charge 

Mass (amu) 

Location within the atom 



Exact 

Approximate 


Electron 

-1 

0.000549 

w 

Orbits outside nucleus 

Proton 

+1 

1.007277 

1 

Nucleus 

Neutron 

0 

1.008665 

1+ 

Nucleus 


£. We know from everyday experience that the objects around us are 
electrically neutral. If this were not so, we would receive enormous 
electrical shocks from everything we touch. This must mean that every 
atom in the things around us is electrically neutral. The only way 
this is possible is for the atom to have the same number of electrons 
and protons, thus creating a balance between the positive and negative 
charges. Therefore, a statement of the number of protons in an atom is 
also a statement of the number of electrons. 

h. What holds the nucleus together? The only charged particles in 
it are protons, which ought to repel each other. This phenomenon is 
being investigated with great interest by physicists. It is known that 
there is some force acting to hold the nucleus together which is unknown 
in connection with any other physical phenomenon. If, for example, two 
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protons were brought slowly together, the force of repulsion due to 
their having like charges would become stronger and stronger until they 
were extremely close together, when suddenly the attractive force acting 
on nuclear particles would take over and the two protons would be 
brought strongly together. At present, the nature of this attractive 
force remains a mystery. 

i_. Figure 1.3c shows some examples, selected at random, of atomic 
structures to illustrate that the atoms of a-11 elements are made up 
from different combinations of the same three basic particles. 

1.4. TEE A AND Z NUMBER SYSTEM 


a. A shorthand notation has been developed which quickly indicates 
the exact structure of any atom. The notation is as follows: 

, in which 

X is a general representation of any element symbol (in each 
case the appropriate element symbol would be used) 

Z = the number of protons in the nucleus 

A = the number of protons and neutrons in the nucleus 


b_. Since the Z number is equal to the number of protons in the 
nucleus, it is also equal to the number of electrons outside the nucleus 
in the normal neutral atom. The Z number is usually called the atomic 
number . The significance of this term is that all the elements may be 
arranged in a sequence according to certain measurable chemical and 
physical properties. This sequence corresponds to an increasing number 
of protons, so that the position of the element in this sequence (its 
"atomic number") is the same as the number of protons. 

c_. The chemical, properties of an atom depend on the number of elec¬ 
trons it possesses; only electrons take part in chemical reactions; the 
nucleus is unaffected. Since the number of protons equals the number 
of electrons, it is possible to say that the chemical properties depend 
on the number of protons. Thus, the number of protons (Z number, or 
atomic number) identifies which element is represented by a particular 
atomic structure. For example, all atoms of the chemical element sodium 
have 11 protons. Therefore, writing a Z number of 11 is the same as 
writing that the element is sodium or that the element symbol is Na. 

Thus, the Z number effectively tells what the element is, and, conversely, 
the element symbol tells what the Z number is, although it may be neces¬ 
sary to go to a table to determine one from the other. 
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d_. The A number Is often called the nucleon number . A nucleon is 
defined as any particle found in the nucleus; the term simply provides 
a convenient way of referring to both protons and neutrons. Since the 
A number represents the sum of the protons and neutrons, it is equal to 
the number of nucleons. The A number is also called the atomic mass 
number. Since the mass of both the proton and the neutron is approxi¬ 
mately one, the sum of protons and neutrons gives the mass of the 
nucleus (and the atom, because the masses of the electrons are nearly 
zero); hence, the term "atomic mass number." 

e. The number of neutrons in the atom is given by the difference 
between the A and Z numbers: 

A - Z = number of neutrons 

_f. An example of the A and Z number terminology and the deductions 
that can be made from it are indicated below. 


EXAMPLE: 




a. It is possible for different atoms of the same element to have 
somewhat different nuclear structures. This difference must not be in 
the number of protons, since it has already been stated that the element 
is determined by the number of protons in the nuclei of the atoms of 
the substance. The difference is in the number of neutrons. For example, 
there are three known forms of the element hydrogen (three isotopes of 
hydrogen)—two are found in nature and one is manmade. The structures 
of these three atomic forms of hydrogen are illustrated in figure 1.5. 


b_. Figure 1.5 should indicate to the reader the criterion for iso¬ 
topes : Two (or more) atoms are isotopes if they have the same number 


of protons but different numbers of neutrons. Another way of stating 
the same definition is: Two (or more)atoms are isotopes if they have 


the same Z number but different A numbers. 
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Number of protons 

J 

I 

1 

Element 

Hydrogen-1 

Hydrogen-2 
(Deuterium) 

Hydrogen-3 

(Tritium) 

Element symbol 

H 

H 

H 

Number of neutrons 

0 

1 

2 

Number of nucleons 

l 

2 

3 

Complete symbol 

1? 


iH 


Figure 1 . 5 . The isotopes of hydrogen. 


c. Since two atomic forms which are isotopic have the same number 
of protons, they have the same number of electrons; therefore, they 
will behave the same chemically . The differences in behavior are in 
physical properties; for example, hydrogen-1 (^H) and hydrogen-2 
are not radioactive, yet hydrogen-3 (^H) is. radioactive. 

d_. Because the three isotopes of hydrogen have become very important 
in nuclear work, each has been given a separate name for simplicity in 
speaking. These names are: 

hydrogen-1 (common) hydrogen 

hydrogen-2 deuterium 

hydrogen-3 tritium 

Hydrogen is the only element for which a special nomenclature has been 
devised for the different isotopes. For all other elements, the differ¬ 
ent isotopes are spoken of by the more basic nomenclature; for example, 
pHe and are referred to as helium-3 and helium-4, respectively. 

e_. Isotopes always occur as two or more for any given element. It 
is proper to speak of isotopes as isotopes of the element which they 
represent; thus, helium-3 and helium-4 may be spoken of as the isotopes 
of helium. 
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f. Through custom, a rather loose terminology has become accepted 
in which all atomic species are collectively referred to as isotopes. 

For example, one might read that "two radioactive isotopes commonly 
used to calibrate radiac instruments are cobalt-60 and cesium-137*" 

This terminology is actually in error, since these two structures are 
not isotopes of one another. However, such usage is quite common. A 
more accurate way of speaking employs the term " nuclide . " A nuclide is 
any nuclear species. Thus, the statement, "Two radioactive nuclides 
commonly used to calibrate radiac instruments are cobalt-60 and cesium- 
137, " contains no error. The more accurate terms "isotope" and "nuclide" 
will be used in this text. 

1.6. MASS-MERGY EQUIVALENCE 

For centuries man believed in twin laws of conservation, the conser- 
vation of energy, which states energy cannot be created nor destroyed, 
and the conservation of matter, which states that mass cannot be created 
nor destroyed. Today we know that these laws are not valid when they 
are considered individually. In 1905 Einstein discovered a new law 
often referred to as conservation of mass-energy which states that mass 
and energy cannot be created or destroyed but can be converted from one 
form to the other. Thus, if some mass disappears, an equivalent amount 
of energy will appear. This equivalence is given by the equation: 

E = me 2 


where: 


E = the energy in ergs 

m = rest mass in grams 

c = speed of light = 3 x 10 1( ^ cm/sec 

This equation states that any body having a rest mass (m) also has a 
total energy (e) associated with it given by the product of its mass 
multiplied by the square of the speed of light. On the basis of. this 
concept, a 1 -gram mass of an element is equivalent to an energy of 
9 x lO 2 ^ ergs: 

E = me 2 

E = (l)(3 x 10l0 ) 2 ergs 
E = 9 x 10 2 ^ ergs 

and since 1 erg = 2.78 x 10 " 11+ kilowatt-hours 
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E = (9 x 10 20 ) x (2.78 x 10' 1,+ ) 

E = 25,000,000 kilowatt hours 

This amount of energy, in thermal units, is equal to approximately 85 
billion BTU or 21 trillion calories of heat energy. 


1.7. MASS DEFECT AND BINDING ENERGY 


One might believe that the mass of an atom could be determined by 
counting the number of neutrons, protons, and electrons, and simply 

Let's experiment with 
has 9 protons, 9 

electrons, and 10 neutrons. 


aiding the masses of these basic particles. 

a common isotope of fluorine. This isotop 


nine protons (9 x 1.007277) 

nine electons (9 x 0.000549) 

ten neutrons (10 x I.OO 8665 ) 

Total 


9 .065^93 amu 

0.0049^1 amu 

I O. 0866 5 O amu 
19.157034" amu 


19.157084 amu represents the sum of the masses of the basic particles 
in the qF atom. From a table of atomic masses, such as may be found 

in Ordnance Pam 25, we find that the known mass of this nuclide 

is 18.998405 amu. The difference between the known mass 

and the sum of the masses of the particles is O.I 58679 amu. It appears 
that the atom is missing this amount of mass. Careful study has 
shown that when an atom is formed from the basic particles a certain 
amount of mass disappears and changes to energy in accordance with 
Einstein's E = me. This mass that is lost is called the mass defect . 
Every different atom has a different mass defect. The energy that is 
released when an atom is formed from the basic particles is proportional 
to the mass defect and is called the bin din g energy of the atom. Be¬ 
cause binding energies for particular atoms are much smaller than 
energies we are familiar with in everyday life, a small unit of energy 
must be used to describe them. An ele ctron volt (ev) is a useful small 
unit of energy commonly used in nuclear physics. To define an electron 
volt, consider two parallel charged plates connected by a 1-volt battery. 
One plate will be attached to the positive pole of the battery and will 
therefore have a positive charge on it; the other plate will be attached 
to the negative pole and have a negative charge on it. If an electron 
is released near the surface of the negative plate, it will be attracted 
to the positive plate since an electron is negatively charged. The amount 
of kinetic energy (speed) that it will possess when it hits the positive 
plate will be equal to 1 electron volt. In the nuclear events discussed 
in the later chapters of this text, units of mill ions of electron volts 
(Mev) are used. 
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CHAPTER 2 


NATURE OF RADIOACTIVITY 


2.1. GENERAL 

An understanding of the military aspects of radioactivity and radi¬ 
ation hazards requires some knowledge of the nature of radioactivity. 

This chapter is designed to give the reader that knowledge. It begins 
with a brief historical background, then discusses the observed prop¬ 
erties of each type of nuclear radiation and how we may represent 
these radioactive processes in nuclear reaction equations. A brief 
discussion is given concerning the origin of the different types of 
radiation in the nucleus. Several examples of artificially induced 
reactions are given, including two especially important ones—fission 
and fusion. 

2.2. HISTORICAL BACKGROUND 

a_. Most persons first heard of nuclear radiation when the first 
atomic bombs were dropped on Japan in 1945. Therefore, it is commonly 
believed that nuclear radiation is something very new to man's experience. 
This is not true; actually, nuclear radiation was discovered in 1896 by 
a French scientist named Henri Becquerel.. Becquerel experimented with 
fluorescent crystals which when struck by ordinary white light gave off 
in return light of some color, such as pink or green. He discovered, 
he believed, that certain crystals when struck by light gave off some 
sort of very penetrating rays, different from light rays, capable of 
penetrating thin sheets of paper or metal. 

b_. In the course of trying to determine the properties of these 
substances that gave off the penetrating rays, Becquerel regularly 
performed the following experiment: He wrapped a photographic plate 
with a piece of paper so that light could not get to the plate and 
expose it; then, on top of the paper he put a small pile of crystals 
of a salt of uranium (impure). He then placed this apparatus outdoors 
in the sun all day. At the end of the day, he brought the entire set 
of materials indoors and developed the photographic plate. He always 
found a black spot on the plate under the crystals. This led him to 
the belief that when these crystals were exposed to light they gave 
off some previously unknown kind of radiation which was capable of pene¬ 
trating the paper and exposing the film. 

c_. Becquerel's experiments with these crystals might have proved no 
more informative than this if it had not been for a lucky accident. One 
day when he was preparing to set his standard experiment in the sun, the 
sun failed to come out; he therefore placed the entire apparatus in his 
top desk drawer to await a sunny day. As it happened the sun failed to 
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shine for several days; on the first day that it did come out he was 
going to place the apparatus in the sun, but, for some unknown reason, 
he developed the plate directly instead. It turned out that the plate 
was blackened under the crystals in spite of the fact that the entire 
apparatus had been in darkness for several days . This forced Becquerel 
to revise his original conclusion about these crystals. Apparently 
light was not necessary to cause these crystals to give off the pene¬ 
trating rays; rather, these rays were given off spontaneously from 
within the material itself without the assistance of any outside agency. 

We now know that these rays come from the nuclei of the atoms of the 
material; for this reason, they are called nuclear radiation. 

<1. Further research by Becquerel and others demonstrated that the 
emission of the strange new penetrating rays by these substances (called 
radioactive substances) was unaffected in any way by heat, light, pres¬ 
sure, chemicals, mechanical force, or any other means known then. Much 
experimental work was done in the years following Becquerel's discovery 
in an attempt to find out what sort of phenomenon these rays were. The 
following paragraph describes one of these early experiments and the 
conclusions drawn from it. 

2.3. TYPES OF RADIATION 

a. At first it was believed that the rays emitted by radioactive 
substances were composed of only one kind, the nature of which was 
unknown. An early experiment which proved that this belief was untrue 
is illustrated in figure 2.3* In the experiment depicted in part (l) 
of the figure, a sample of radium (one of the few radioactive substances 
known at the time) was placed at the bottom of a cylindrical hole drilled 
in a piece of lead (the figure shows a cross section of the lead block). 

As will be explained in DF060 and DF100, lead has the ability to absorb radi¬ 
ation very effectively, so thau very little of the radiation escaped 
around the sides of the block. Therefore, there was essentially a 
straight "beam" of radiation directly out the hole. A photographic 
plate was placed across the path of the radiation and upon development 
shoved one dark spot in the center of the plate. This confirmed the 
notion that only one thing was present in this beam of radiation. 

b_. In the experiment depicted in part (2) of figure 2 . 3 , the beam 
of radiation was subjected to a strong electrical field. A photographic 
plate was placed in the beam of the radiation. However, when the plate 
was developed it was found that there were three black spots on the plate, 
indicating that the electric field had separated the beam of radiation 
into three kinds of radiation, as illustrated in the figure. Since no 
one knew vhat these three kinds of radiation were at the time, they 
were arbitrarily named by the first three letters of the Greek alphabet— 
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alpha (a) for the kind attracted to the negative side of the field, 
beta (0) for the kind attracted to the positive side of the field, 
and gamma (7) for the kind not attracted to either side. 


PHOTOGRAPHIC PLATE 



PHOTOGRAPHIC PLATE 



(1) Experiment without 
electric field. 


(2) Experiment with 
electric field. 


Figure 2.3* Path of emanations from a radium source: (l) without 
electric field; (2) with electric field. 


c_. Several conclusions can be reached as a result of the experi¬ 
ment illustrated in figure 2.3 beyond the basic one that three kinds 
of radiation were coming from the radioactive substance. This 
experiment indicates that: (l) alpha radiation, which was attracted 
to the negative plate, has a positive electrical charge; (2) beta 
radiation, which was attracted to the positive plate, has a negative 
charge; and (3) gamma radiation, which was undeflected by the electric 
field, has no charge (electrically neutral). 

2.4. ORIGIN OF RADIATION IN THE NUCLEUS 

There has always been a bombardment of the earth by one type of 
radiation—cosmic radiation. Also, many of the machines of modern 
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the attracting nuclear forces and repelling coulomb forces is the important 
factor in nuclear stability. In stable atoms the attraction forces are 
adequate to overcome the repelling coulomb forces, and the nucleus stays to¬ 
gether. In unstable atoms this balance is a delicate one. The nucleus will 
hold together only so long as the attracting nuclear forces hold the upper 
hand. If the repelling coulomb forces should overcome these strong attrac¬ 
tion nuclear forces, part of the nucleus may break off and escape. In other 
cases rearrangements within the nucleus which lead to more stable configura¬ 
tions may take place without the loss of particles. Nuclides whose nuclei 
undergo this process are said to be unstable or radioactive . 

c. Gamma. Nuclei may release gamma radiation as a means of decreasing 
their energy content. Since gamma radiation consists of pure energy, its 
emission leaves the nucleus with less energy in the amount of energy of the 
gamma ray. This emission of gamma radiation accompanies a rearrangement 

of nuclear particles; it does not involve a change in the number or kind of 
nucleons in the nucleus . 

d. Alpha . The configuration of the helium nucleus is extremely stable; 
therefore, it is reasonable that radioactive nuclei may eject this con¬ 
figuration. The off-going alpha particle has considerable kinetic energy ; 
that is, energy due to motion. The energy of the nucleus which emits the 
alpha particle is decreased by the amount of kinetic energy which it imparted 
to the particle. 

e. Beta . It is not so easy to visualize how a beta particle can be 
emitted from a nucleus. The statement that beta radiation comes from the 
nucleus but that there are no electrons in the nucleus appears to be a 
contradiction. The accepted explanation for this result is that it is 
possible for a neutron to split into a proton and an electron.-*- If this 
splitting occurs, the electron is then ejected from the nucleus with great 
speed; that is, great kinetic energy, which reduces the energy level of the 
nucleus. This process is illustrated in figure 2.4. 


Actually, there is a third particle, the anti-neutrino, also involved. 

The anti-neutrino is a tiny particle much smaller than the electron. The 
neutron breaks down into a proton, electron, and anti-neutrino. The latter 
two are ejected from the nucleus. No further consideration will be given 
to the anti-neutrino in this text. 
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Figure 2.4. Beta emission. 


2.5. NATURE OF RADIATION 

a. General. The natural decay of the radioactive families mentioned 
above results in three types of nuclear radiation: alpha (a), beta (( 3 ), 
and gamma ( 7 ). These three types of nuclear radiation are also called 
ionizing radiation because of their ability to ionize atoms and molecules 
of the matter through -which thev pass. (A detailed discussion of ioniza¬ 
tion- may be found in ST 3-155> Ch 4. Each of the 3 types of radiation -• 
alpha, beta, and gamma—will be discussed below with regard primarily to 
three properties: their charge, their mass, and an overall descriptive 
charact eristic. 

b_. Alpha . It has already been stated that alpha radiation has a 
positive electrical charge; more specifically, alpha radiation consists 
of fast-moving stable particles with a charge of +2 on each particle. 

Each particle is composed of two neutrons and two protons ejected as a 


^For the purpose of this text, ionization is the removal of electron(s) 
from a neutral atom, and ion pairs are the result of this process. 
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single entity from a disintegrating nucleus and has a mass of 4 atcmic 
mass units (amu). This a^lpha particle has the same composition as the 
nucleus of the helium -4 {gHe) atom. The helium —4 atom has two protons 
and two neutrons in the nucleus and two electrons outside the nucleus 
to balance the charge. If the electrons were stripped away, the resulting 
nucleus would be identical with an alpha particle except that an alpha 
particle is normally traveling at speeds approximately one-tenth the 
speed of light, (its speed is normally on the order of 2,000 to 20,000 
miles per second.) In fact, as the alpha particle slows down in its 
passage through matter, it annexes two electrons and becomes a neutral 
helium -4 atom. The alpha particles are about 7,500 times as heavy as an 
electron and 4 times as heavy as a hydrogen atom. This configuration of 
two protons and two neutrons is extremely stable as nuclear structures 
go; this helps to explain why this structure should be emitted from a 
nucleus in preference to other combinations of nucleons. 

(1) Alpha particles are characterized by their high ionizing 
capability. A means of comparing the ionizing ability of 
different kinds of ionizing radiation is by comparing their 
energies and the number of ion pairs produced per unit length 
of travel as each passes through the same medium, (ionization 
and ion pairs are discussed in chapter 4 .) For example, an 
alpha particle with an energy of 1 Mev (million electron volts )3 
will create about 10,000 ion pairs per centimeter of path as 

it passes through air. A beta particle (the radiation with 
the next highest ionizing capability) with the same energy 
traveling along the same path will create about 33 ion pairs 
per centimeter of travel. Thus, the ionizing ability of the 
alpha particle is about 300 times as great as that of the next 
most highly ionizing type of radiation. 

( 2 ) Because of this high ionizing ability, the alpha particle 
dissipates its energy quickly in any medium. For example, 
the range of alpha particles varies from a few thousandths of 
a centimeter in solid materials such as photographic film up 
to a few centimeters in gaseous materials such as air. To 
penetrate the protective layer of the skin, alpha particles 
with energies of 7*5 Mev (million electron volts) or more would 


^Energies of radiation are expressed in units of electron volts . The 
electron volt is the energy (speed) a unit charged particle acquires 
when it falls through a potential of one volt; it is equivalent to 

1.6021x 10" 12 ergs (par. 1.7). 
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be required. Because of this short range, the danger to the 
body from external alpha emitters is in most cases negligible. 
Alpha emitters, however, may be extremely injurious if they 
gain admittance to the body. In this case, because of their 
high ionizing ability, the alpha particles will expend their 
energy in a single group of cells and cause a very high degree 
of localized tissue damage in the vicinity of the alpha emitter. 
Under similar circumstances, alpha emitters are considered to 
present an internal hazard 20 times as great as beta or gamma 
emitters (table 2.1). 


Table 2 . 1 . Relative Ionizing Power 


Radiation 

Relative ionizing power 

Alpha particle 

10,000 

Beta particle 

100 

Gamma ray 

1 


c_. Beta . Beta radiation consists of very high velocity electrons 
which have been ejected from a disintegrating nucleus. These beta 
particles are also ionizing radiation. The experiment on the separation 
of radiation indicated that beta radiation had a negative electrical 
charge. Beta radiation was shown to be a stream of electrons traveling 
at speeds about nine-tenths the speed of light, (its speed is normally 
on the order of 100,000 to 180,000 miles per second.) This means that 
the mass of the beta particle is l/l 845 atomic mass unit and that its 
charge is - 1 . The negatively charged beta particle will ionize matter 
as it passes through it, thus losing speed (energy) until it is undis- 
tinguishable from a free electron; in other words, it is identical with 
the electrons that orbit about the nucleus of atoms except for its speed 
and origin . Note that beta particles originate in the nucleus of the 
atom. 

(1) Because of its higher speed and smaller mass and charge in 
relation to an alpha particle, the beta particle exerts less 
force for a shorter period of time on the atoms of the material 
through which it passes. Thus, its ionizing ability is less 
and its range greater. (The range of a 1 -Mev beta particle in 
standard air is about 10 feet.) 

( 2 ) These factors normally make the beta emitters a less serious 
internal hazard than the alpha emitter. However, since the 
beta particle can penetrate the skin and damage living cells, 
the beta emitter can create an external hazard. 


21 



d. Gamma . Gamma radiation does not consist of particles, it has 
no electrical charge, and appropriate experiments have proven it to 
have no mass. The reader may veil question the nature and existence 
of something that has neither charge nor mass. What is gamma radiation? 
It is pure energy traveling through space at the speed of light. It 
is one example of a general type of radiation called electromagnetic 
radiation . It is a form of electromagnetic radiation differing only 
in frequency (energy)' and source from more commonly knovn forms such 
as X-rays, infrared, visible light, ultraviolet, and radio vaves. Gamma 
radiation is generally of higher frequency (energy) than the above types 
and is generated by a stabilizing nucleus. The reader is familiar with 
some other types of electromagnetic radiation; namely, radio vaves, 
light vaves, and X-rays. Consider radio vaves. The human senses 
cannot detect radio vaves; ve cannot see, hear, taste, feel, or smell 
them. The only vay ve can detect them and make them audible is by 
the use of an instrument for detecting radio vaves; namely, a radio. 
Similar statements are true about gamma radiation; the human senses 
are not capable of detecting it; ve must have a special instrument for 
detecting it, a type of instrument called a radiac instrument (DF110). 
The reader may vonder vhy radio vaves do not hurt him, whereas gamma 
rays will cause injury. The difference lies in the amount of energy 
possessed by these two different kinds of electromagnetic radiation. 
Gamma radiation possesses much more energy than radio waves and there¬ 
fore is capable of damaging living organisms. A type of radiation 
much more akin to gamma radiation is X-radiation. As with other types 
of electromagnetic radiation, it is not possible to detect X-rays by 
use of the senses. Also, ve know from experience that these rays are 
very penetrating, since they are used to photograph the inside of the 
body (whereas light is capable only of making a photograph of the out¬ 
side of the body). X-rays have about the same energy as gamma rays 
have. The distinction between them is their origin. Gamma rays come 
from within the nucleus; X-rays do not. Gamma radiation travels in a 
straight line and with the speed of light (186,000 miles per second). 
Many experimental results have been obtained using gamma radiation and 
are satisfactorily explained on the basis that gamma radiation is a 
wave that transmits energy through space. However, if certain other 
experiments are performed, such as those involving the interaction 
between gamma radiation and atoms, the results cannot be satisfactorily 
explained by considering the radiation to be a wave. Rather, the 
radiation behaves as though it consisted of a stream of tiny packets 
of energy, each packet having zero mass but being able to produce 
effects as though it were a particle. Each of these little packets 
of energy is called a photon of radiation. This dual vave-particle 
nature of electromagnetic radiation is difficult to grasp and believe, 
but no other satisfactory explanation is available for the various 
possible interactions of electromagnetic radiations with matter and 
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with electric and magnetic fields. Thus, gamma rays may he said to 
act with this dual wave-particle nature and to produce results con¬ 
sistent with the theory. The importance of the particulate nature of 
gamma radiation (photon nature) will become clearer in the discussion 
of ionization by gamma radiation. 

2.6. WRITING NUCLEAR REACTION EQUATIONS 

a. General . Just as the chemist has a shorthand way of writing 
down what takes place in chemical reactions, the physicist has a 
shorthand way of writing nuclear reactions in the form of equations. 
This system makes use of the A and Z number notation explained in 
chapter 1. The logical development of the method of writing nuclear 
reaction equations is illustrated below by a study of the three modes 
of radioactive decay already discussed. 

b. Alpha Emission . 

(l) To see what results from alpha emission, consider the isotope 

uranium-23 8 . This is a naturally occurring nuclide 

which is radioactive and an alpha emitter. Since two protons 
and two neutrons are subtracted from the uranium nucleus, a 
new substance, an isotope of thorium, is formed. This is 
illustrated in figure 2.6a. 




♦ ENERGY 


Figure 2.6a. Alpha emission from uranium-238. 


23 



(2) The process illustrated in figure 2.6a can he indicated in 
another -way by using the A and Z number system. To do this 
■we must have an appropriate symbol for the alpha particle. 

L 4 . 4 

The symbol used is 3a or (Although 2He is properly 

the symbol for the wide helium-4 atom, it is very often 
used to represent the alpha particle.) Using this notation, 
we may -write the equation for the emission of an alpha 
particle by a uranium-238 atom as follows: 

2 ^ u -* 2 He + 2 qo Th + Q (energy) 

This equation says that an atom of uranium-239 forms an alpha 
particle and an atom of thorium-234. One additional symbol 
which appears here is the letter Q. This Q stands for 
energy. An energy term is involved in every nuclear re¬ 
action. In this case, the energy given off is simply the 
energy possessed by the alpha particle (plus a small amount 
of energy for the recoil of the nucleus). Note that the sum 
of all the A numbers on the left side of the equation equals 
the sum of all the A numbers on the right side (238 = 4 + 234); 
also, the sum Of the Z numbers on the left is the same as the 
sum of the Z numbers on the right (92 = 2 + 90). The student 
should think through the reason for this from what is taking 
place in the actual physical reaction. This rule about 
equality of A and Z number sums on both sides of an equation 
will be shown to be valid in other nuclear reactions; in 
fact, it is a general rule which may be used as a mechanical 
aid to balancing nuclear reactions. 

Beta Emission . 

(l) The thorium isotope that was formed in the earlier example 

on alpha radioactivity is a beta-emitter, causing thorium-234 
to change to the element protactinium. This is illustrated 
in figure 2.6b. The mass number A does not change in beta 
decay, but the atomic number Z increases by 1, because a 
proton has been gained. This gain comes about when a neutron 
breaks down, ejecting an electron and retaining the proton. 
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Figure 2.6b. Beta emission from thorium- 234 . 

( 2 ) In order to -write a nuclear equation for the process illustrated 
by figure 2.6b, it is necessary to have a suitable symbol for 
a beta particle. For brevity, a beta particle is often repre¬ 
sented by the symbols 6" or e"; however, for equations -we 
must assign A and Z numbers to the beta particle. Clearly, 
the basic definitions of A and Z numbers are not applicable. 
Therefore, an extension of the basic system is used, and the 
beta particle is given more or less artificial A and Z 
numbers, which represent the effect of a beta particle on 
a nuclear reaction. Because of its negative charge, the 
beta particle is given Z number -lj because its mass is 
very small it is ^iven an <£ number of zero. Thus, beta may 
be indicated by _]_£ , or _q e . The emission of a beta 

particle by a thorium-234 nucleus may be written as follows: 


234 

90 


Th 



Q 


Note once again that the sum of the A numbers on the left 
equals the sum of the A numbers on the right (234 = 0 + 234) 
and the sum of the Z numbers of the left equals the sum of 
the Z numbers on the right (90 =-l + 91 )• 


d. Gamma Emission . 

(l) Previously it was said that an unstable configuration of 
neutrons and protons in a nucleus is sometimes made more 
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stable by a rearrangement of the particles -within the nucleus 
without the emission of a particle. Such internal rearrange¬ 
ments are accompanied by radioactivity in the form of pure 
energy. With different configurations of the nucleus the 
components are bound with different energies, and upon 
rearrangement energy is released in the form of electromagnetic 
waves called gamma rays. Each time one atom releases energy 
in this way it is said to have released a photon of gamma 
radiation. The photon is like a small "bundle" of energy. 

The significance of the photon concept is discussed more 
fully in ST 3-155, Ch k. It is important to note that no change 
in the A and Z numbers accompanies gamma emission and the 
only effect upon the nucleus involved is to leave it with 
less energy. An example of gamma emission is illustrated 
in figure 2.6c. 



GAMMA RAY 
(Pure Energy) 



♦energy 


Figure 2.6c. Gamma emission from lead-204. 

(2) The symbol for gamma radiation in the A and Z number system 

O-, 

is o" , representing the fact that it has no mass and no 
charge. The equation corresponding to the reaction illustrated 
in figure 2.6c is: 


204 

82 


Fb 



+ 


204. 

82 


Fb 


Q 


e. Summary . Table 2.2 summarizes the properties of nuclear 
radiation. 
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Table 2.2. Properties of Nuclear Radiation 


Type of 
radiation 

■ 

Charge 

Mass 

(amu) 

Character¬ 

istic 

, Effect of emission on 
parent nucleus 

Atomic no. 

W 

Mass no. 

(A) 

Alpha 

particle 

mm 

EH 

+2 

k 

2 protons 

2 neutrons 
(same as 
: nucleus of 
He-4 atom) 

Decreases 

2 

Decreases 

k 

Beta 

particle 

wm 

-1 

1 

High-speed 

electron 

Increases 

1 

No change 

1845 

Gamma 

ray 

0 

0 7 

0 

0 

Form of 
electro¬ 
magnetic 
energy 
similar 
to X-rays 

No change 

1 

| 

No change 

Neutron 

1 

o n 

0 

1 

Neutral 

particle 

No change 

Decreases 

1 

Positron 

°e 

+i p 

or 

0 

+l e 

+1 

1 

High-speedy 
positively 
charged 
electron 

Decreases 

1 

No change 



Two general rules which are always valid in balancing nuclear equations are: 

(1) The sum of the A numbers of the reactants must always equal the 
sum of the A numbers of the products. Mathematically, this is 
written: 2A r =2Ap. 

(2) The sum of the Z numbers of the reactants must always equal the 
Siam of the Z numbers of the products. Mathematically, this is 
written: SZ r = EZp. 
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2.7. ARTIFICIALLY INDUCED NUCLEAR REACTIONS 

a. Thus far, the entire discussion of radioactivity and nuclear 
processes has centered about natural radioactivity in the form of alpha, 
beta, and gamma radiation. However, man has learned to produce nuclear 
reactions artificially, thus creating new radioactive nuclides not found 
in nature and producing other results that are of considerable importance. 
Normally, artificial reactions are induced by firing a nuclear particle at 
a target containing the type of atoms in idiich the reaction is desired. 

The nuclear particles used as projectiles are made to move at great 
speed (with great energy) by the use of machines called particle 
accelerators . The discussion of how these machines operate is beyond 
the scope of this text. The particles most commonly used as projectiles 
are the following: 


(1) 

Alpha particle 

(gHe). 

(2) 

Beta particle 


(3) 

Proton (^H) ; 

nucleus of the hydrogen-1 atom. 

(4) 

Neutron ("Si). 


(5) 

Deuteron (^H) 

t nucleus of the hydrogen-2 (deuterium) atom. 


b. A few typical examples are given below to indicate the general 
nature of artificially induced nuclear reactions. 

(1) Alpha-neutron type: 

q 4 1 12 

, Be + ^He -* n + 7-C + Q, 

4 2 o 6 

(2) Alpha-proton type: 

l4 4 17 

^ + 2 He -» JH + q° + Q 

(3) Neutron-gamma (radiative capture) type: 

+ 1 n -> ?TH + ° 7 + Q 

1 o 1 o 

It should be understood that in each of the reactions shown above, 
the particle or ray emitted, such as a neutron, proton, or gamma ray, 
is emitted instantaneously when the reaction takes place. <? For instance, 
in the last example above, the equation does not mean that pH is 
radioactive and a gamma emitter; the ^amma ray shown is emitted at the 
instant of the reaction. The product in this case is stable. In 
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other cases, the product may be radioactive. Thus, the product nuclei 
may continue emitting radiation over an extended period of time. 

c. Artificially induced nuclear reactions have created other types 
of radiation that have not been previously mentioned in this text. 

Two of these types, neutron and positron, are discussed briefly below. 

(1) Neutron radiation consists of neutrons ejected from an excited 
or fissioning nucleus . Since the neutrons are un¬ 
charged, no electrostatic forces come into play with either 
the orbital electrons or the nuclei. Thus, for neutrons to 
affect matter they must enter the nucleus or come sufficiently 
close to it for the nuclear forces to act. The reaction of 

a neutron with a nucleus leaves the nucleus in an excited 
state, due to the added kinetic energy contributed from the 
neutron. This excess energy is removed by emission of 
particle radiation, i.e., ejection of an alpha particle. 

More will be said about neutron reactions in DF21Z. 

(2) Positron radiation consists of high-velocity, positively 
charged particles that have been ejected from a disintegrating 
nucleus. This type of emission is normally associated with 
the fusion process. Experiments have shown that the 
positron is a fundamental particle ^that is, it belongs in 
the same class as the neutron, proton, and electron) having 
the same mass as the electron (l/l8^5 atomic mass units) and 

a charge equal in magnitude to the electron but opposite in 
sign (charge of +l). The accepted explanation of its origin 
is that it is possible for a proton to split into a neutron 
and a positron.^ When this splitting occurs, the positron 
is ejected from the nucleus with great speed; that is, 
kinetic energy. This reduces the energy level of the 
nucleus in the same manner as beta emission does. Through¬ 
out this text the word electron or beta will be used to 
denote the negative electron and the word "positron" or "beta- 
plus" will be used for the positive electron. 

2.8. ENERGY RELEASE 

a. General . Before proceeding further in the discussion of radio¬ 
activity, let us first consider the energy (Q) associated with a nuclear 
reaction. The energy released by a conventional reaction results from 
rearrangement of the atoms of the reactants; for example, the hydrogen, 
carbon, oxygen, and nitrogen in TNT. Such a rearrangement of atoms 
within a substance constitutes a chemical reaction. In a nuclear 
reaction the energy is produced by a redistribution or a recombination 

^Actually, as in the case of beta emission, there is a third particle, 
the neutrino, also involved. 
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of the protons and neutrons of the atoms. Such a redistribution of 
nuclear particles constitutes a physical reaction. The forces between 
the protons and neutrons within an atomic nucleus are tremendously 
greater than the forces between atoms; consequently, nuclear energy 
is of a very much higher magnitude than conventional energy when 
equal masses are considered. Many nuclear processes are known, but 
not all are accompanied by the release of energy. The basic require¬ 
ment for energy release is that the total mass of the interacting 
reactants be more than the mass of the resultant products. There is 
a definite equivalence between mass and energy as discussed in 
paragraph 1.6. If in a nuclear reaction there is an accompanying 
release of energy, that energy is definitely related to the decrease 
in mass. Mass change reflects the difference in the forces in various 
nuclei. The energy released in a nuclear reaction is derived primarily 
from the conversion of the binding energy that bound the nucleus 
together. 

b. Energy Calculations . Let us consider the reaction of ber.yllium-9 
being bombarded by an alpha particle and forming carbon-12 and a neutron 
and releasing energy (Q). Written symbolically the reaction is: 

?Be + ^He -> ^n + *^C + Q 

4 2 o o 

The total mass of the reactants is: 

^Be - 9.012186 amu 

pHe - 4.002603 amu 

^ 13.01^-769 amu 


The total mass of the 
1 


n 



product is: 

1.008'665 amu 

- 12.0 0,000 0 amu 

13.008665 amu 


The mass difference is: 


13.014789 amu 
I3.OO8665 amu 
0.006124 amu 
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From Einstein's equation (par. 1.6) it has teen shown that the energy- 
equivalent of one atomic mass unit is 931.^8 Mev (million electron volts). 
Therefore, the energy (Q) associated with the above reaction is: 

0.006124 x 931.^8^ = 5 . 70438 I Mev 

and we, therefore, see that in this reaction 5.70^4 Mev of energy is 
released. 

2.9. FISSION AND FUSION 

a. General . So far, our discussion of induced radioactivity and 
energy release has been associated with reactions of laboratory and 
academic interest. For nuclear weapons, in addition to the necessity 
for a net decrease in mass in a nuclear process, the release of nuclear 
energy in amounts sufficient to cause an explosion requires that the 
reaction should be able to reproduce itself once it has started. Two 
artificially induced nuclear reactions that satisfy the conditions for 
the production of great amounts of energy in a very short interval 

of time are fission and fusion. 

b. Fission . 

(l) The fission process . 

(a) The process of fission involves the splitting of very large 
nuclei, such as those of uranium-235 or plutonium-239^ into 
much smaller nuclei. This splitting releases a vast amount 
of energy when judged by our ordinary standards of com¬ 
parison, such as the burning of coal or gasoline. The 
fission does not take place spontaneously but must be 
initiated deliberately by directing a stream of neutrons 
into a mass of uranium or plutonium which is properly- 
arranged and is of the proper size. If an atom of 
fissionable material captures a neutron, it may fission 
into two smaller pieces. The fission of just one nucleus 
releases only a tiny amount of energy--too little to be 
measured by any known means. However, as has already been 
stated, even a very tiny piece of material contains a vast 
number of atoms. When the small energy release from one 
fission is multiplied by a great number of atoms, the total 
energy release is enormous. 

(b) There are several dozen different reactions that can occur 
in fissioning; that is, not every atom which fissions forms 
the same product nuclei. A few examples of fission re¬ 
actions that are known to occur are as follows: 
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+ 


+ 


Q 


2 35u + 
92 u 

1 

n 

0 

-> 3 8 Sr 

23 |u + 
92 

1 

n 

0 

42 Mo 


i4o. 


54 

139, 

50 1 


Xe 


(2-3)^n 


Sn 


+ (2-3)J;n + Q 


A generalized equation can be written to represent the fission 
process, making use of the symbol "FP" to stand for any fission 
product. This equation is: 


235 

92 


U 



FP, 


+ FP 2 + (2-3) 0 n + Q 


In this generalized fission reaction equation, there are two 
or more neutrons released for every one that enters. The 
release of additional neutrons in the fission reaction is 
the reason that fission is a practical means of releasing 
energy, either in a weapon or in a nuclear reactor. The 
neutrons released in the fission reaction permit the 
development of the chain reaction that occurs in a fission 
weapon. 

(2) Chain reaction—criticality . 

(a) Because of the fact that at least two neutrons are released 
every time a uranium atom is split, it is possible to make 
a chain reaction occur. In other words, the two or more 
neutrons released may be made to fission two or more uranium 
nuclei, causing each of these nuclei to release two or more 
neutrons. These neutrons may fission more nuclei, producing 
more neutrons, and so on until a great many nuclei have 
been split. Since only a small amount of energy is released 
when one atom is fissioned, a great number of atoms must be 
fissioned in order to obtain a large amount of energy. This 
is best attained by creating a chain reaction. A fission 
chain reaction, such as that described above, is known as 

a multiplying chain reaction and it occurs extremely rapidly. 

A tremendous amount of energy is released in a very short time, 
and an explosion results. 

(b) In order to create a chain reaction, certain conditions must 
be satisfied. If one of the atoms in a piece of fissionable 
material ^35 jj ) is caused to fission by bombarding it with a 
neutron, the two or more neutrons released by the fissioning 
could do one of three things. They could-- 

1 . Strike other uranium nuclei and cause them to fission. 

2 . Pass between the uranium atoms and completely escape from 
the piece of material without causing any further fission. 
(Remember that atoms are largely empty space.) 
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2- Strike nuclei (uranium or impurities) and not cause fission; 
in other words, he captured by the nuclei. 

(_c) Obviously, for a chain reaction to occur, at least one of the 
neutrons produced per fission must strike a uranium nucleus 
and cause, another fission to occur. In order to make this 
happen, we must minimize the escape and nonfission capture. 

1. Nonfission capture may be minimized by using very pure 
fissionable material because impurities tend to capture 
the neutrons and prevent fission. 

2. Escape may be minimized by having sufficient fissionable 
material available or by using a neutron reflector. To 
visualize this, imagine a small, spherical piece of 
fissionable material in which a fission occurs. There are 
relatively few nuclei available within the fissionable 
material that the two neutrons produced by the fission may 
hit before they escape. Therefore, the probability of their 
striking other fissionable nuclei is very slight. If one 

of the neutrons happens to strike a nucleus and thereby 
causes it to fission, the probability of one of the second 
pair of neutrons striking a nucleus before escaping is very 
slight. Therefore, the reaction will quickly die down. A 
reaction of this type is called nonsustaining. A piece of 
fissionable material such as this is called a subcritical 
mass (fig. 2.9a)- If more material is added around the 
sphere, the neutrons have more nuclei which they may hit 
before they escape and the probability of their striking 
nuclei is much greater. If enough fissionable material is 
present so that at least one neutron from every fission 
strikes another nucleus and causes it to fission, the 
reaction will continue in a steady manner and is called 
a sustaining chain reaction (figure 2.9b). A piece of 
fissionable material in which a steady reaction occurs 
is called a critical mass. Energy is released in a steady 
controllable manner, such as in a nuclear reactor used for 
producing power. If still more material is added to the 
sphere, more than one neutron per fission may strike a 
nucleus to cause further fission. When this occurs, the 
chain reaction will increase very rapidly and is called 
a multiplying chain reaction (figure 2.9c). In this case, 
we have what is known as a supercritical mass. The energy 
is released very quickly and cannot be controlled. 

(3) Fission-type nuclear weapons . 

(a) From the previous discussion, it is apparent that a 
supercritical mass is necessary to cause a nuclear 
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Figure 2.9a* Nonsustaining chain reaction in a subcritical mass. 

detonation. However, it is unsafe to assemble a super¬ 
critical mass of fissionable material until the moment 
the explosion is desired because there are always stray 
neutrons that could start a chain reaction. To overcome 
this difficulty, the fissionable material may be kept in 
two separate subcritical masses within the weapon. When 
desired, these two pieces can be brought together to form 
a supercritical mass, which then detonates. Weapons 
employing this principle are know as "gun-type" weapons 
because one subcritical mass is actually shot through a 
gun tube into the other subcritical mass when the 
explosion is desired (figure 2.9d). 

(b) There is another method of making a subcritical mass 

become supercritical. If, instead of adding more material 
to a subcritical mass, we compress the subcritical mass 
so that the atoms are closer together, we obtain much the 
same effect. If the atoms are closer together, the 
probability that a neutron will strike one and cause fission 
is greatly increased because there is less room to get 
between the atoms. This principle is also employed in 
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Figure 2.9b. Sustaining chain reaction in a critical mass. 

nuclear -weapons. A subcritical mass is surrounded by a 
charge of high explosive. When the explosive is detonated, 
the pressure created compresses the fissionable material, 
making it supercritical ana, consequently, making it 
explode. Weapons employing this principle are known as 
"implosion" weapons (figure 2.9e) because the high explosive 
is arranged so that it implodes or exerts the major portion 
of its explosive force inward. 

(k) Nuclear reactors . A peacetime application of nuclear fission 
is the nuclear reactor. A sustaining chain reaction is made 
to occur in a critical mass of fissionable material. Water 
or some other fluid is circulated within the reactor where it 
is heated by the energy released. The steam produced can be 
used to run a turbine, which in turn can run an electrical 
generator to supply useful power. The Army now has a nuclear 
reactor--the Army package power reactor--the components of 
which are air-transportable. The reactor can be assembled 
at an advanced base and will produce electrical power for 
approximately 1.5 years without refueling. 
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Figure 2.9c. Multiplying ohain reaction in a supercritical mass. 



Figure 2.9d. Gun-type nuclear weapon. 
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Figure 2.9e. Implosion-type nuclear weapon. 


c. Fusion . 

(l) Although it seems peculiar, a process that is the exact 
opposite of fission is also capable of releasing great 
quantities of energy. This process is only possible at 
the lower end of the scale of elements and involves uniting 
two small atoms into one larger atom. This process is 
called fusion . Specifically, an atom of one isotope of 
hydrogen unites with an atom of the same or a different 
isotope of hydrogen to form an isotope of helium. In 
addition to the generalized fusion reaction, normally written 

X H + ± K -» ^He + + Q 

there are several other possible reactions which may occur. 
They are: 



+ 


-¥ 

1 H + 

+ 


+ 



^He + 

\ + 
o 


+ 

1 H 


^He + 

2 o n + 


Although neutrons may be produced in the reaction, they are 
not necessary to initiate it, as in the case of fission; 
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therefore, chain reactions are of no concern here. The 
conditions necessary to initiate the reactions are tremendous 
heat and pressure. 

(2) It has been known for about 20 years that this reaction was 
theoretically possible and that, if it could be brought about, 
a weapon could be made with destructive power far beyond that 
of the ordinary atomic or fission bomb. It was also known 
that the only way to make the reaction occur was to subject 

a mass of hydrogen to temperatures in the order of hundreds 
of thousands of degrees and to pressures in the order of tens 
of thousands of pounds per square inch. The only way known 
to achieve such temperatures and pressures is by means of 
a fission explosion. Therefore, in fusion weaponq the fusion 
reaction is set off by the heat and pressure from a fission 
detonation. In other words, the hydrogen bomb is a two- 
stage weapon; first fission occurs, then fusion. 

( 3 ) Each individual atom in a fission reaction releases more 
energy than an individual atom in a fusion reaction. How¬ 
ever, a pound of hydrogen will release as much as four times 
more energy than a pound of uranium because of the large 
number of atoms contained in a pound of hydrogen. 

(4) The fusion reaction has several other advantages. The fuel 
required is relatively cheap, and the supply is unlimited. 

Also, the products of the fusion reaction are not radioactive. 
The radioactivity that results from the detonation of a fusion 
weapon comes from the fission products of the fission component 
used to initiate the fusion reaction and also from neutron- 
induced activity. By reducing the size of the fission com¬ 
ponent as much as possible, the residual radioactivity can be 
reduced, thus producing a "cleaner" bomb. 

( 5 ) Research is now being conducted to make a fusion reaction 
occur without a fission initiator so that the reaction can 
be harnessed to produce power for peacetime purposes. A 
reactor of this type would have several advantages over the 
fission reactors now in existence. The fuel would be cheap 
and plentiful, and there would be no radioactive waste 
products. 
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DB040, RADIOACTIVITY 


I. Reference: ST 3-155* Chapter 2 f paragraph 2.1-2.7* Chapter 3* paragraph 

3.M.7. 

II. Lesson Objectives and Notes: 

A. Basic concepts of radioactivity. 

B. Concept of decay and half-life. 

C. Mathematical method of solution of single isotope decay problems. 
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Notes: 
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Notes: 
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3. ^Na + Jn gHe + £ °F + Q 

4. X !Jn + Jn -* + 1 gC + Q 

5. 2 ||U + -> FP 1 + FP 2 + 2-3(Jn) + Q 


III. Handouts: None. 
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Problems 


Class Example Problems - Radioactive Decay. 


SYMBOLS: 


= Dose rate at the beginning of time period under 
consideration. 

= Dose rate at the end of time period under consideration. 

= The time of the dose rate reading R. 

= The half-life (time) of the radionuclide under consideration. 


= Number of half-lives (n = 


EQUATION: 2 = ^ 

K 

Safe siding features of 2 n table. If the values are exactly the same 
as those in the table, use them; if they are not exact, there is no 
interpolation. When solving for — 

t - enter the 2 n table with the first value mathematically 


above the R /R value. 

- o' 

- enter the 2 n table with the first value mathematical] 


below the R /R value. 

■ o' 


R - enter the n table with the first value mathematically 
below the t/t^y^ value. 

R - enter the n table with the first value mathematically 
above the t/t 1 y 2 value. 

1. A certain radioactive isotope which you are to use for calibrating 
your instruments has a half-life of 4 years. When you received 
a standard sample 5 years ago it gave a reading of 20 mrad/hr on 
your meter at a distance of 1 meter. What reading on your instru¬ 
ment should you find today at the same distance? 
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2 . 


Magnesium-27 decays by beta and gamma emission to form stable 
aluminum-27. The half-life of this process is 10 minutes. 

If a gamma dose rate of ij-0 rad/hr is obtained from a sample 
27 

of pure Mg, how long after the initial reading would it be 
before the dose rate has dropped to 6 rad/hr? 


R = 

t l/2 = 
t 

3. An isotope whose half-life is unknown was delivered to the 

U.S. Army Ordnance Center and School. The dose rate reading 
taken upon the arrival of the isotope was 30 rad/hr. A second 
reading was taken 6 hours later and was found to be 18 rad/hr. 
What is the half-life of the isotope? 


R 

t l/2 = 
t 

B. Home Study Problems - Radioactive Decay and Half-life. 

1. When you receive a sample of a single radioactive nuclide which 
is known to decay into a stable nuclide you find the dose rate 
is 60 mrad/hr at a distance of 1 meter from the sample. This 
nuclide is known to have a half-life of 3 days. When will the 
dose rate be reduced to 20 mrad/hr at the same distance? 
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2 . 


A series of dose rate readings on the decay of a single nuclide 
sample which is known to decay into a stable nuclide are recorded 
as follows: 


Time 


Dose Rate (mrad/hr) 


0 hour 
6 hours 


610 

100 


What is the half-life 


of this nuclide? 


3. Given a single radioactive nuclide which gives a dose rate of 

2,800 mrad/hr. The half-life of this nuclide is reported in the 
manuals as 3.8 days. When will the dose rate fall to 500 mrad/hr? 


k. Given a single radioactive isotope which gives a dose rate of 
5^0 mrad/hr. The half-life of this isotope is reported in the 
manuals as 1+.8 days. What will be the reading after 36 days 
have elapsed? 
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5. A certain radioactive isotope has a half-life of 6k minutes. If 
the dose rate reading of the isotope 51/2 hours after its arrival 
■was 120 mrad/hr, what was the dose rate of the isotope when it 
arrived? 


6. A series of dose rate readings taken on the decay of a single 
nuclide are recorded as follows after you receive it: 

Time Dose Rate (mrad/hr ) 

2 Hours 150 

3 Hours 130 

a. What is the half-life of this nuclide? 


b. What was the dose rate when you received this sample? 


c. When will the dose rate be reduced to 25 mrad/hr? 
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7. For use in calibrating your radiac instruments you have been given 
a sample of cobalt( 2 ^Co). This nuclide decays by a process of beta 


.60, 


and gamma emissions into stable nickel (^gNi). The half-life of 

this material is known to be 5*3 years. When your sample was prepared 
3 years ago, it was found to give a dose rate of 320 mrad/hr at a 
distance of 130 cm. 


a. What should be the dose rate at the same distance today? 


b. When can you expect the dose rate to be 100 mrad/hr at a distance 
of 130 cm? 


8 . 


137 

Cesium ( 'Cs) is radioactive and gives up a beta particle and gamma 
PP 1^7 

radiation to become a stable nuclide of barium ( ^gBa). The half¬ 


life of this cesium nuclide is 3Q years. Assume when you received a 
sample of this cesium nuclide 13 years ago it gave a dose rate of 
120 rad/hr. What should the dose rate be today? 
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After an underwater burst in salt water some of the stable sodium 

21 2h 

(^Na) is converted into a radioactive nuclide of sodium (^Na). 

This radioactive sodium decays by beta and gamma emissions into 
24 

stable magnesium ( 12 Mg). An initial reading taken on a sample 

of the radioactive sodium gave a dose rate of 240 rad/hr. A second 
reading taken 6 hours later gave a dose rate of 180 rad/hr. 

a. What is the half-life of the sodium sample? 


b. 


When will the dose rate be 150 rad/hr? 

(NOTE: All dose rate readings calculated at a distance of 
one meter from the sample.) 



V. Solution to Problems. 

A. Solution to Class Problems. 
Problem 1 


a. Given: R q = 20 mrad/hr 

t i/2 = 4 y ears 

t = 5 years 

R = ? 


b. Using the two equations 


2 


n 




Since both t 


and t 


1/2 


are known, 


solve 


n 


n 



first. 

- | - 1-25 


c. Enter the 2 n table found in Appendix II. In the n column 
look for a value of 1.2. The corresponding value for 2 n 
is 2 . 300 . 

R q 

d. Solve the 2 = — equation. 

K 


2.300 


20 

R 


R = 


20 

2.3 


R = 8.7 mrad/hr 
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Problem 2 


a. Given: R = 40 rad/hr 

o 

R =6 rad/hr 

= 10 minutes 

t = ? 

R 


b. 

Solve 2 n 

0 

" R 





2 

= ~G 

c. 

Enter 2 n 

table, 


find 

n = < 

d. 

Solve 

n = t 



2.8 = 



t = 

Problem 3* 


a. 

Given: 

11 

«° 


t_ 

1/2 


10 minutes 


R = 18 rad/hr 

t = 6 hours 

t l/2 = ? 


n o 

b. Solve 2 = — 


2 n = 30 = 1.67 
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c. Enter 2 table, safe side by selecting 


n = 0.7 


d. Solve n - 


0.7 = 


= = 8.57 hours 


Solution to Home Study Problems. 


Problem 1. 


a. Given: R = 60 mrad/hr 


R = 20 mrad/hr 

t, /o = 3 days 


b. Using the two equations 


■ r 


since both R and R are known, solve 
o ’ 


— first - 


p n _ _o _ 60 _ 

c. Enter the 2 n Table found in Appendix II. In the 2 n column 

look for a value of 3- This values lies between 2 n = 2.830 

and 2 n = 3*030. In order to determine which value to use 
look at the guide for safe siding at the top of the chart. 

Since the unknown is "t," the larger value of 2 n should be 
selected. The value for n corresponding to 2 n = 3-03 is n = 1.6. 
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Solve the n = 


equation. 


1.6 - | 

t = 3(1.6) 

t = 4.8 days 


Problem 2. 


a. Given: R q = 610 mrad/hr 

R = 100 mrad/hr 


t .= 6 hours 


b. Solve 2 n = -^ first. 


^ ■ li - 6 - 


c. Enter 2 table,- safe side by selecting the smaller value 
find n = 2.6 


d. Solve n = 


2.6 = 


' 1/2 23 


= 2.31 hours 
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Problem 3 


a. Given: R q = 2800 mrad/hr 

R = 500 mrad/hr 

t x y 2 = 3.8 days 

t = ? 


b. Solve 2 n 



2800 

500 


2 n = 5.6 

c. Enter 2 n table, safe side by selecting n = 2.5. 

d. Solve n = ~- 

1/2 



t = 2.5 (3-8) = 9.5 days 

Problem 4 . 

a. Given: R q = 540 mrad/hr 

R = ? 

t = 36 days 

t 1 j 2 = 4.8 days 

b. Solve n = for n. 

t l/2 

n - T& - 

c. Enter 2 n table and find 2 n = l8l. 


57 



d. Solve 2 


n 


R 

_c 

R 


R = — = 


5U0 

lBI 


R = 2 . 9 Q mrad/hr 


Problem 5- 


a. Given: R 


R = 120 mrad/hr 

t = 5 l/2 hours (330 minutes) 

t = 64 minutes 


b. Solve n = 


C l/2 


- ■ ■ ** 


c. Enter 2 n table. Find 2 n = 36.7. 

R 

_c 

R 

R q = 2 n R = 36.7(120) 

r = 4400 mrad/hr 


d. Solve 2 n = — 


or 4.4 rad/hr 


Problem 6a. 


a. Given: R = 150 mrad/hr 

o 

R =130 mrad/hr 
t = 1 hour 


V = ? 


58 



b. Solve 2 n 


H 

o 

R 


150 

130 


2 


n 


1.15 


c. Enter 2 n table. Find n = 0.2. 

d. Solve n = 

V 

t _ t 1 

1/2 ” n " 0^ 

t,-/^ = 5 hours 


' 1/2 


Problem 6 b. 


a. Given: R = ? 

o 


R = 150 mrad/hr 

t = 2 hours 

l ]/2 = 5 hours (from part a) 

b. Solve n = -3- = £ 

*1/2 5 

n = 0.4 

c. Enter 2 n table. Find 2 n = I. 32 . 

R 

d. Solve R = — 


K = 2 n (R) 


R 0 ~ 1-32 ( 150 ) = 198 mrad/hr 
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Problem 6c 


a. Given: R q = 198 mrad/hr 

R = 25 mrad/hr 

t = ? 

t= 5 hours 

_n R o 198 

b. Solve 2 = — = — 2 ^ 

2 n = 7.92 

c. Enter 2 n table. Find n = 3 

t 

d. Solve n = 7— 

* 1/2 

t = nt j/g = 3(5) 

t = 15 hours 

Problem 7a . 

a. Given: R q = 320 mrad/hr 

R = ? 

t = 3 years 

t l/2 = 5 * 3 years 

t 3 

b. Solve n = t— - 

t l/2 5>3 

n = O .566 

c. Enter 2 n table. Find 2 = 


1.415. 
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d. Solve R 


R = 


320 

l7£L5 


= 226 mrad/hr 


Problem 7 b . 

a. Given: R q = 320 mrad/hr 

R = 100 mrad/hr 

t = ? 

^l /2 = 5-3 years 

b. Solve 2 n = — _ 320 

R 100 

2 n = 3.2 

c. Enter 2 n table. Find n = 1 . 7 . 


d. Solve n = 


V2 


n = nt ± / 2 = 1 . 7 ( 5 . 3 ) 
t = 9.01 years 


Problem 8 . 


a. Given: R q = 120 rad/hr 

R = ? 

t =13 years 
t l /2 = 30 years 

b. Solve n = — 

t l /2 

n “ 3^ = 0.434 
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c. Enter 2 n table. Find 2 n = 1.32. 


d. Solve R = — 

2 n 


R = j-j 2 = 90.9 rad/hr 


Problem 9a. 


a. Given: R q = 240 rad/hr 

R = 180 rad/hr 

t = 6 hours 


h/2 - ? 


b. Solve 2 


2 n - Ik - x -33 

:. Enter 2 n table. Find n = 0.4. 


d. Solve n = 


: l/2 n 


6 hours 
0.4 


= 15 hours 


Problem 9 b. 


a. Given: R = 240 rad/hr 

o 


R = 150 rad/hr 


t = ? 


= 15 hours 


62 



b. Solve 2 


c. Enter 2 n table. Find n = 


d. Solve n = 


0.7 = 


t = 0.7 ( 15 ) = 10.5 hours 
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Notes: 
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RADIATION UNITS 
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DF020, RADIATION UNITS 

I. Discussion and References. 

NOTE: The definitions and concepts given below are taken from the 
recommendations adopted by the National Bureau of Standards 
as of 1959* Reference: "Report of the International Commission 
on Radiological Units and Measurements (ICRU), 1959/' Handbook 78, 

U. S. Department of Commerce, National Bureau of Standards. 

A. Exposure Dose. 

1. Exposure dose of X or Gamma radiation at a certain place is a 
measure of the radiation that is based upon its ability to 
produce ionization. 

2. The unit of exposure dose of X or gamma radiation is the ROENTGEN 
(r). One roentgen is an exposure of X or gamma radiation such 
that associated corpuscular emission per 0.001293 gram of air 
produces, in air, ions carrying 1 electrostatic unit of electricity 
of either sign. 

1 6 SU 

lr = —of air at standard temperature and pressure, 

cnr 

3. A subsidiary unit is: 1 milliroentgen (mr) = ' Jqq q r * 

4. The roentgen is also equivalent to the following: 

a. 87 (approx) ergs of energy absorbed per gram of 

b. 98 (approx average) ergs of energy absorbed per 
soft tissue. 

B. Absorbed Dose. 

1. Absorbed dose of any ionizing radiation is the energy imparted 
to matter by ionizing particles per unit mass of irradiated 
material at the place of interest. 

2. The unit of absorbed dose is the RAD. One rad is the absorption 
of 100 ergs of energy per gram of absorber. (100 ergs/gm ) 

3 . The rad is a measure of absorbed dose from any kind of radiation 
in any medium in terms of fundamental energy units. 

a. The rad puts all energy absorption on the same level. 

b. The energy absorbed by matter due to X or gamma shows up 
primarily as the electrons ejected from atoms by incident 
radiation upon a piece of matter, and these electrons cause 
essentially all of the ionizations noted in energy absorption. 


air. 
gram of 
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c. Roentgen considers only X and gamma while the rad considers 
all types of radiation. 

k. It should be observed that the values of so-called "roentgen 

equivalency" given in para A^a and b above are actually statements 
of the absorbed dose in two media resulting from an exposure dose 
of one roentgen. 




Absorbed Dose 

Ratio 


Exposure Dose 

(energy absorbed 

rad 

Medium 

(ionization in air) 

in medium) 

r 

Air 

lr 

O.87 rad 

0.87 

Soft Tissue 

lr 

O.98 rad 

O.98 


The ratio of rad absorbed per roentgen of exposure has been given 

the symbol f (no special name). That is, f = - . From a 

knowledge of "f" and exposure dose in roentgen, tSe absorbed dose 
can be calculated. Some values of "f" for particular tissues are 
presented in Handbook 78. However, at the present time, this in¬ 
formation is not directly applicable to military problems because 
it deals only with specific tissues. 

5 . The distinction between "exposure dose" and "absorbed dose" should 
be made clear. 

a. Exposure dose is that radiation which is available to be 
absorbed. 

b. Absorbed dose is that radiation which is actually absorbed 
in the body. 

6 . Another unit of absorbed dose is the REP (roentgen equivalent 
physical). It may be defined in either of two ways: 

a. One rep is that quantity of any ionizing radiation which 
results in the absorption of the same amount of energy in 
soft tissue as that resulting from exposure to one roentgen 
of X or gamma radiation. 

b. One rep is that quantity of any ionizing radiation which results 
in the absorption of 93 ergs/gram of soft tissue. 

7 . The rep was the first unit of absorbed dose defined. Because it 
is not precise and is limited to one kind of absorbing material, 
it is being supplanted by the rad. However, it remains in a good 
many specifications of permissible doses. Also, other values than 
93 ergs/gram may be found in older definitions of the rep. 
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8. Another unit of absorbed dose is the REM (roentgen equivalent 

man). One rem is an absorbed dose of any ionizing radiation which 
will produce the same biological effect in man as the absorbed 
dose from exposure to one roentgen of X or gamma radiation. 

9« The rem is a rather loosely defined term but it has the important 
merit that it places all kinds of radiation on an equal level. 

That is, 1 rem of gamma + 1 rem of alpha equals 2 rem of ab¬ 
sorbed radiation. 

10. A rad of one kind of radiation does not necessarily produce the 
same biological effect as a rad of another kind. The difference 
in biological effectiveness is given in terms of the KBE (relative 
biological effectiveness). 

"The statement that 'the RBE of a radiation relative to y 
radiation is 10' signifies that m rad of a. radiation produces 
a particular biological response in the same degree as 10 m 
rad of y radiation." 

In other words, 


rem = rad x RBE. 

11. Some commonly accepted values of RBE are given below. 


Type of Radiation RBE 


X or t rays 1 
Beta particles 1 
Fast neutrons 10 
Slow (thermal) neutrons 5 
Alpha particles 10-20 


12. Example of adding doses in rem. 


Type of Radiation 

Absorbed Dose 
rad 


RBE 

Absorbed Dose 

rem 

Gamma 

0.4 

X 

1 

0.4 

Thermal neutrons 

0.5 

X 

5 = 

2.5 

Fast neutrons 

0.2 

X 

10 = 

2.0 


Total absorbed dose = A .9 
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C. Dose Rate. 

1. Exposure dose rate is the exposure dose per unit time. 

2. The unit of exposure dose rate is the roentgen per unit time. 

3. The most commonly used units of exposure dose rate are: 

roentgens per hour (r/hr) 
milliroentgens per hour (mr/hr) 

4. Absorbed dose rate is the absorbed dose per unit time. 

5. The unit of absorbed dose rate is the rad per unit time. 

6 . The most commonly used units of absorbed dose rate are: 

rad per hour (rad/hr) 
millirad per hour (mrad/hr) 

7. Dose and dose rate are related (if R is constant over the time T) 
by the equation: 

D = RT, 

where D = dose 

R = dose rate 
T = time 

D. Activity. 

1. All activity units are means of expressing the radiation output 
of a radioactive source. 


2. The unit of quantity of radioactive material, evaluated according 
to its radioactivity, is the Curie (Ci). One curie is a quantity 
of radioactive isotope in which the number of disintegrations per 
second is 3*700 x 10-*-®. 


3. Related units are: 

1 microcurie = 1 pCi 

1 millicurie = lmCi 

1 megacurie = lMCi 


1 

1,000,000 

1 

1,000 


curie = 10 curie. 

-3 

= 10 curie 


1 ,000,000 cunes = 


, n +6 

10 curies. 


68 



4. Another unit of activity is the rutherford (Rd). One ruther- 
ford is a quantity of radioactive isotope in which the number 
of disintegrations per second is 10^. 

5. A unit of source strength which is convenient for many purposes 
is the RAD PER HOUR AT ONE METER (rhm). One rhm is the strength 
of a radioactive source which produces an exposure dose rate of 
1 rad per hour at a distance of one meter. 

6 . A subsidiary unit is: 

1 millirhm (mrhm) = 


1 mrad/hr at 1 meter 
1 


1,000 


rhm 


7. Knowing the source strength in rhm, it is possible to calculate 
the exposure dose rate at any distance from the source by means 
of the following equation: 

R = ~ 


where R = dose rate at distance d in rad/hr (or mrad/hr) 
S = source strength in rhm (or mrhm) 
d = distance from source in meters. 


E. Summary. 


1. One roentgen is equal to one electrostatic unit of charge per 
cubic centimeter of air at standard conditions. 

2. One rad is equal to 100 ergs of energy absorbed per gram of 
absorber. 

3. One rem is equal to the biological damage done by the absorption 
of one roentgen of X or gamma radiation. 

b. RBE is a comparison between the effect of any type of radiation 
and the damage done by one roentgen of X or gamma radiation. 

5. One curie is equal to 3-7 x 10 10 disintegrations per second. 

6 . Rhm is a rad per hour at a distance of 1 meter. 

F. Additional References of Interest: National Bureau of Standards 
Handbook 78, SU, 86, 87, 88. 
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II. 


Lesson Objectives and Notes: 


A. Definition of dose units and their interrelationship. 

B. Activity units and their physical meaning. 

C. Units of source strength and methods of determining dose rate at 
various distances from the source. 
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Notes 
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Notes 



Notes: 



Ill. Handout 


RADIATION UNITS 


Activity 

Dose 


Dutput of a Radioactive Source 

Amount of Radiation Received 

CURIE - Unit of quantity of 

EXPOSURE 

ABSORBED 

radioactive material 
evaluated according to 
its radioactivity. 

1 Curie = 3-7 x 10^ 

MEASUREMENT OF 
IONIZATION IN AIR - 
UNIT ROENTGEN (r). 

ENERGY ABSORBED 

PER UNIT MASS - 
Unit Rad (no 
abbreviation). 

disintegrations 
per second 

1 Microcurie = 1 |j.Ci 

c 

ljiCi = 10 Ci 

1 Millicurie = 1 mCi 

-3 

1 mCi = 10 J Ci 

lr = 1 electro¬ 

static unit 
of charge per 
lcc of dry air 
at STP 

^ 1 esu 

cc air at STP 

1 rad = the 

absorption of 
100 ergs of 
energy per gram 
of absorbing 
material. 

1 rad = 10 P er f 
gram of 

absorber 



Biological Damage - 
Unit rem (roentgen 
equivalent man or 
mammal). 



1 rem = damage 
done by 
exposure to 

1 r of X or 

7 radiation. 


UNIT OF SOURCE STRENGTH 
(Neither Dose or Activity) 


rhm = 1 rad per hour at a distance of one meter from the source. 

g 

R = —p R = dose rate in rad/hr or mrad/hr 

S = source strength in rhm or mrhm 
d = distance in meters. 
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IV. Problems - Radiation Units. 

1. The ionization chamber m an instrument has a volume of 30 cm filled 
with air at standard temperature and pressure. In a laboratory 
measurement the number of ionizations which occurred in this 
volume during a certain period was found to be equivalent to 
4 esu of charge. What was the exposure dose at the position 
of the ion chamber? 


2. In a laboratory experiment it was found that a sample of human 
tissue absorbed 480 ergs of energy from a beam of X-rays. The 
mass of the tissue was 8 grams. What was the absorbed dose in 
rad? 
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3. In the example in problem 2 the absorbed dose in tissue was due 
to 50^ gamma radiation and 50 % fast neutrons. -What is the ab¬ 
sorbed dose in rem in this tissue? 


b. In a controlled experiment, one group of animals is exposed to 
50 rad of fast neutrons, another group of animals is exposed to 
150 rad of slow neutrons and a third group of animals is exposed 
to 400 roentgens of gamma radiation. If the end result is the 
same in each group of animals, what is -- 

a. the RBE for the fast neutrons? 


b. the RBE for the slow neutrons? 


5. In the example in problem 4, if one animal received all the radia¬ 
tion, fast neutrons, slow neutrons and gamma, what would be his 
total dose in rem? (Use RBEs found in problem b) 
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6. In an experiment on laboratory animals, it was found that cataracts 

were produced by absorption of 30 rad of fast neutron radiation. How¬ 
ever, 300 rad were necessary to produce the same effect with gamma 
radiation. Assuming one rad of gamma is equal to one roentgen of 
gamma, what is the RBE of fast neutrons for producing cataracts? 


7. A worker in a nuclear reactor installation is subject to the following 
doses in rad: 0.001 rad of gamma radiation, 0.0002 rad of thermal 
neutrons, 0.0001 rad of fast neutrons. 

a. What total dose (in mrem) did the worker absorb? 


b. If this dose was received in 2 hours, what was the average dose 
rate? 


c. Will this worker exceed the permissible weekly whole body dose 
of 300 mrem if he works a ^0-hour week? What dose will he 
receive in a week? 
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8 . 


A sample of radioactive material is known to undergo 4.6 x 10^ 
disintegrations per second. How many curies is it? 


9* The number of disintegrations per second in a sample of Gallium-73 is 

4 73 

known to be 6.6 x 10 at a certain time. How many curies of J Ga are 

in the sample? What is this quantity in microcuries? 


137 

10. A 2mCi Cs point source gives an exposure dose rate of 6 rad/hr at 
a distance of 1 cm. What is the source strength of the source stated 
in rhm? in mrhm? 
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11 . 


If a 250 mrhm source gave a dose rate reading of 5 mrad/hr, at 
what distance from the source was the reading taken? 


12 . 


137 

A Cs point source has a source strength of 100 mrhm. 

a. What is the exposure dose rate at a distance of 3 meters 
from it? 


b. At what distance would the dose rate be 20 mrad/hr? 


79 



V. Solutions - Radiation Units. 

o 

1. 1 esu/cnr = 1 r. 

4 esu/30 cm^ = 0.133 r 

2. 100 ergs/l gm = 1 rad 

480 ergs x 1 rad 
8 gm 100 ergs/gm 

3. rem = rad x RBE 


rem for gamma = 0.3 rad x 1 = 0.3 rem 

rem for fast neutrons = 0.3 rad x 10 = 3 rem 


Total rem 


4. 


4oo 

RBE 


r of gamma 

rem 

rad 


3.3 

400 rem 


a. RBE for fast neutrons 


400 rem 
50 rad 


5. 


b. RBE for slow neutrons 
Total dose = 400 rem + 


40 0 rem 
150 rad 

400 rem + 


= 2.667 
400 rem = 


1200 rem 


6. RBE 
RBE 


rem 

rad 

300 rem 
30 rad 


RBE = 10 

7. a. 1 mrad gamma x RBE (l) = 1 mrem 

0.2 mrad thermal neutrons x RBE ( 5 ) = 1 mrem 

0.1 mrad fast neutrons x RBE (10) = 1 mrem 


Total Dose = 3 mrem 


80 



b. 


D = R x T 


10 . 


R = g 
T 


R = 


3 mrem 


2 hours 
R = 1.3 mrem/hr 

c. No. 

D = R x T 

D = 1*5 rarem/hr x 4o hrs 

D = 6 o mrem 

1 curie = 3.7 x 10 10 dis/sec 

4.6 x 10 ^ dis/sec 
3«7 x 10 dis/sec/curie 

1 curie = 3.7 x 10 10 dis/sec 


= 0.124 curies 


. . 4 

6.6 x 10 dis/sec 


3*7 x 10 dis/sec/curie 


= 1.78 x 10 -b Ci or 1. 


R = 


S 

d 


S = Rd c 


s = 6 rad/hr x ( 0.01 m)‘ 

s = 6 rad/hr x 0.0001 m c 

S = 0.0006 rhm 

S = 0.0006 x 1000 JSI*™ 

rhm 

S = 0.6 mrhm 


78 joCi 
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11. R = % 


^2 _ 250 _mrhm 

5 mrad/hr 

2 2 
d = 50 m 


d = 7.07 m 


12. a. 


R = 


S 



R 

R 

R 


100 mrhm 
(3m) 2 

100 mrhm 
9m 2 

11.11 mrad/hr 


b. 



S 

R 


d 1 - = 

d 2 
d 


100 mrhm 
20 mrad/hr 

q 2 
= p ra ■ 

= 2.2b meters 
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VI. Additional Information - Extraction from Radiation Quantities and Units , 

International Commission on Radiological Units 
and Measurements (ICRU), Report 10a, Handbook 84, 

United States Department of Commerce, National 
Bureau of Standards. 

RADIATION UNITS 

In this report the ICRU recommends with considerable reluctance and 
some misgivings, the use of the symbol R instead of r for roentgen. 

Several recognized international groups working in the field of symbols 
and nomenclature including the International Council of Scientific 
Unions have agreed upon the convention that the first letter of abbre¬ 
viations of units named after individuals should be capitalized. At 
least one country has already officially adopted the symbol R for roent¬ 
gen. There are many indications that, however unnecessary, this trend 
will continue and hence the Commission has acceded to the pressure for 
change. As far as medical radiology is concerned, this change will re¬ 
sult more in annoyance than confusion. 

The ICRU recommends that the use of each special unit be restricted to 
one quantity as follows: 

The rad - solely for absorbed dose 
The roentgen - solely for exposure 
The curie - solely for activity. 

It recommends further that those who prefer to express quantities such 
as absorbed dose and kerma (see below) in the same units should use 
units of an internationally agreed coherent system. 

Several new names are proposed in the present report. When the absorbed 
dose concept was adopted in 1953> the Commission recognized the need for 
a term to distinguish it from the quantity of which the roentgen is the 
unit. In 1956 the Commission proposed the term " exposure " for this latter 
quantity. To meet objections by the ICRP, a compromise term, "exposure 
dose" was agreed upon. While this term has come into some use since then, 
it has never been considered as completely satisfactory. In the meantime, 
the basic cause of the ICRP objection has largely disappeared since most 
legal codes use either the units rad or rem. 

Since in this report the whole system of radiological quantities and units 
has come under critical review, it seemed appropriate to reconsider the 
1956 decision. Numerous names were examined as a replacement for exposure 
dose, but there were serious objections to any which included the word 
"dose. " There appeared to be a minimum of objection to the name exposure 
and hence this term has been adopted by the Commission with the hope that 
the question has been permanently settled. It involves a minimum change 
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from the older name exposure dose. Furthermore, the elimination of 
the term "dose" accomplishes the long-felt desire of the Commission 
to retain dose for one quantity only - the absorbed dose. 

The term " RBE dose" has in past publications of the Commission not 
been included in the list of definitions but was merely presented as 
a "recognized symbol." In its 1959 report, the Commission also ex¬ 
pressed misgivings over the utilization of the same term, "RBE," in 
both radiobiology and radiation protection. It now recommends that 
the term "RBE" be used in radiobiology only and that another name be 
used for the linear-energy-transfer-dependent factor by which absorbed 
doses are to be multiplied to obtain for purposes of radiation protec¬ 
tion a quantity that expresses on a common scale for all ionizing radia¬ 
tions the irradiation incurred by exposed persons. The name recommended 
for this factor is the quality factor (QF). Provisions for other fac¬ 
tors are also made. Thus a distribution factor (DF) may be used to 
express the modification of biological effect due to non-uniform distri¬ 
bution of internally deposited isotopes. The product of absorbed dose 
and modifying factors is termed the " dose equivalent (DE). " As a result 
of discussions between ICRU and ICRP the following formulation has been 
agreed upon: 


The Dose Equivalent 

1. For protection purposes it is useful to define a 
quantity which will be termed the "dose equivalent 
(DE)." 

2. (DE) is defined as the product of absorbed dose, D, 
quality factor, (QF), dose distribution factor, (DF), 
and other necessary modifying factors. 

(DE) = D(QF)(DF) . 

3. The unit of dose equivalent is the "rem." The dose 
equivalent is numerically equal to the dose in rad 
multiplied by the appropriate modifying factors. 

The quantity for which the curie is the unit was referred to the commit¬ 
tee for a name and definition. Hitherto the curie has been defined as 

a quantity of the radioactive nuclide such that 3*7 x 10^ disintegra- 
tions per second occur in it. However, it has been specified what was 
meant by quantity of a nuclide, whether it be a number, mass, volume, 
etc. Meanwhile the custom has grown of identifying the number of curies 
of a radionuclide with its transformation rate. Because of the vague¬ 
ness of the original concept, because of the custom of identifying curies 
with transformation rate and because it appeared not to interfere with any 
other use of the curie, the Commission recommends that the term "activity" 
be used for the transformation rate, and that the curie be made its unit. 
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It is recognized that the definition of the curie is of interest to 
other bodies in addition to the ICRU, but by this report we recommend 

that steps be taken to redefine it as 3*7 x 10^ s V i.e., as a unit 
of activity and not of quantity of a nuclide. 

It is also recommended that the term " specific gamma ray constant" be 
used instead of specific gamma ray emission for the quotient of the 
exposure rate at a given distance by the activity. The former term 
focuses attention on the constancy of this quotient for a given nuclide 
rather than the emission of the source. 
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Notes 



INTRODUCTION TO PAM 25 






DF030, INTRODUCTION TO PAM 25 


I. Reference: Skim Pam 25, pages 1 - 217. 

II. Lesson Outline. 

A. Introduction. 

B. Explanation. 

In the introduction to this pamphlet, we briefly cover important 
topics through a page-by-page analysis, concentrating on the 
material the student will need most. The instruction is directly 
keyed to Pam 25. 

1. Areas most used in Pan 25 are as follows: 

a. Atomic mass table, pages 51-64. 

b. Density of elements and common material, pages 65-66. 

c. List of elements, page 68. 

d. Universal decay table, pages 106-107. 

e. Beta attenuation curves, pages 122-123. 

f. Mass attenuation coefficients, pages 137-140. 

g. Glossary of terms, pages 413-441. 

2. This book may be tabed for student use. 

C. Summary. 

Handouts: None 

Problems: None 

Solutions: None 


87 



Notes 



NATURE OF X AND GAMMA RADIATION 


i 


DF040 






DF040, NATURE OF X AND GAMMA RADIATION 


I. Reference: ST 3-155? para 2.^d, b.6c, U.9b(3)? and , 4.9c(3)- 
II. Lesson Objectives and Notes: 

A. Fundamentals of electromagnetic radiation. 

B. Origin and production of X and gamma radiation. 
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Notes: 


III. 

. Handouts: 

None 

IV. 

Problems: 

None 

V. 

Solutions: 

None 





TABLE OF ISOTOPES 


DF0 50 





DF050 , TABLE OF ISOTOPES 


I. References and Discussion. 

A. References: Pam 25, pages 219 thru 409 (especially 221 thru 228). 

B. NOTE: For the purposes of consistency within the Radiological 
Safety Course, when more than one value for a certain constant 
or characteristic is listed in the Table of Isotopes, the first 
listed value will be used. 

C. The following is a discussion of the data shown in the Table of 
Isotopes for several specific isotopes illustrating what material 
may be obtained. The discussion is keyed to numbers idiown over- 
layed on the table excerpt. 
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Type of decay (y ); 

% abundance; Mass excess 
(A«M-A).MeV (C’ 0); 

Thermal neutron 
cross section (O), barns 


Class; Identification; 
Genetic relationships 


4 ^°* P 387®, p l^VAichem, n-capt (AmaE3 5) 
^JVDS) _ \Xexcit (VVooS3oa) 


12.80 h (TobJSSj X (V 1EC 43%, p" 38%, 0 * 19% 

!E? h (WrlH57) T?T^ "gT 

12.7 h (SchumR51a) JR«ynJH50) 

others (BonaG64, ia;-65.4Z8 (MTW 

BatzR5ia, KunD51, . 

Hube043a, Hube044a, ^ 

JohnH50, PerlmM49, 

StraK51, EdwL52, 

MillDR48, VVooS36a. 

HopH50, BeydJ57a, 

PauA65, ZinH65) 


chem, excit (DelL39) 


Major radiations: 
approximate energies (MeV) 
and intensities 


iPjO. 656 max /<?-'• 

i^fT*- 33 " >' 

t Y : Ni X-rays, 0.511 (38%, Y*), 
S i 1.34 {0. 5%) ^ ^ 


Principal means 
oi production 


jCu 63 (n.Y))(l 

—3erl*7B) 


Identification of radionuclide - Z number 29, chemical symbol Cu, 
and A number 64. Listed by Z numbers. 

Half-life is 12.80 hours - use first listed as more correct. 
Reference behind tells where first stops and second starts. 

Decay symbol means radioactive. If a percent sign was there, it 
would mean the nuclide is found in nature. 

Types of decay - In a large sample 43$ decays by electron capture, 
38 $ by beta emissions, and 19 $ by positron emission. 

4- — 

Ratio of p + EC decay to p decay - not used for our purposes. 

Difference in A number (protons and neutrons) and actual mass 
number converted to million electron volts - not used for our 
purposes. 

Certainty of nuclide - not used for our purposes. 


Method of determination of the nuclide. 


9* P max energy only - does not give the energy of all beta decays. 

+ # 

10. P max energy only - does not give the energy of all positron decays. 

11. Conversion electron energy - not used for our purposes. 

12. Gamma energies - include X-rays as well as gamma emission. Ni 
(daughter) X-rays, annihilation radiation from B + decay - 0.511 
(38% Y +) and normal gamma emission. 

64 

13. Method of production of ^Cu. 
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Another method of production. 







DECAY SCHEMES 


The decay schemes are drawn to the best of the author's ability to give 
a graphic representation of what occurs when decay of a radionuclide is 
accomplished. 

The scheme itself has definite meaning from the lines involved. If the 
line slants to the right, it is negative ((3“) emission. If the line 
slants to the left, it is a positive (f3 + , Ct) emission or electron 
capture (EC). If the line is vertical, it is a gamma or neutron emission. 
The parent nuclide is listed at the top and the distance between it and 
the bottom listing represents the energy lost by decay in going from 
the parent to the daughter nuclide. The lines with arrowheads represent 
decay emission. It starts at the end of the line and goes only as far 
as the daughter line, then another line from the point it stops represents 
another decay to complete the process. 

In an explanation of the decay scheme, only those points of interest will 
be explained. Further explanation of the scheme can be obtained on pages 
227 and 228 of Pam 25. 
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22 Na. (2.60 y): 

I: 3. j,: +1.746 atomic beam (LindgI64) 

P + :^P 2 0 545 \DaniH58a); 0.543 (HamlJ58a); 0.542 (MackPSOa); 0.540 (WonC54); 
\V _TTTig~ap*ct 

' (p, 1.03 (T 0.06). p 2 0.540 (T 100) mag .pact (WriB53) 

\ - 6WFri^(GooW46, MorgK49. LeuH61. BranW64a. CharP65) 

V: V| 1.2744 aemicond spect (RobiR65) 

•V, (e/V 6.7 x IO~^(NakY63. LeamR54) 
others (MarlK6S, SinP59. AlbuD49, AjzFSS, GooW46) 
py(fl): (GrabZ65, DaniH60a, SubB61b, StevD51, MullH65) 
pVpolariz(e): (StefR59, BloS62, AppH59, BhaS65, SchoH57) 


Decay of ^^Na. 


I. 

Half-life of the parent nuclide. 



2 . 

Parent radionuclide. 



3. 

Types of decay. 



b. 

Percent of decay for upper line. 



5. 

Percent of decay for lower line. 



6 . 

Hindrance factors - explained on page 228, second 
importance to our calculations. 

column. 

Of no 

7. 

Energy of this line. From this line to the ground (daughter) states 
this much energy is emitted, since only one vertical line goes to 
the ground state (8). This is the gamma energy. 

8 . 

Gamma emission (energy 1.2746 Mev). 



9. 

Total decay energy. 



10 . 

Daughter products. 



n. 

Energy of positron in 4. Energy read from scheme 
There are two positron lines - the longest is f3-]_ ; 
is P2- 

bottom 
and the 

to top. 
next up 

12 . 

Energy of positron is 5- 
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1 


/V <b 



56 


K 0.30>l%) mag spect 


Mn (2.576 h): 

I: 3 ji : + 3.2403 atomic beam (Lind gI64) 
pVp, 2.84)47%) ,fi 2 ' -0^34%). ^3 0.72k 18%), 

i J- l^‘"(HowD62a) -'ll- 

p, 2.86 (60%). P 2 1.05 (25%), P 3 0.75 (15%) mag spect (ElliL43a) 

pj 2.81 (50%), P 2 1-04 (30%), P 3 0.65 (20%) mag spect (SiegK46a) 
others (TownA4l, VasiSS61, CharP65) 


Y: Yj 0.8468, Y 2 1.811, Yj 2.110 cryst spect (ReidyJ65) 

Y, 0.845 (T y 100), Y 2 1.81 (f y 30), Y 3 2.12 (f y 15.3), Y 4 2.52 (f y 1.2), 
Y 5 2.65 (t y 0.7), Y 6 2.95 (f y 0.4), Y ? 3.39 (f y 0.2I) scint spect 

(CookCSS 8) 

Y 2 (e*/Y 0.0006), Y 3 (e*/ - * 0.0005) mag spect conv (SlaH52) 

others (DagF*59, GroshL57a, KieP59, BieJ64a, LeviN58, ElliL43a, 
SiegK46a, MunM55, KikS42, GermE53, MetE53c) 

YY(0): (DagP59, LeviN58, MetF53c, MaliS59) 

PY(0), pYpolariz(O): (LobV62) nucl align: (DagP59, BaueR60a) 

0.026 level of ^Mn: t, ,~ 1.14 x 10 ® s delay coinc (DToiS61) 

/ 4 _g 

1.04 x 10 s delay coinc (BoniW64) 
others (DAngN60) 

C4 _0 

0.1091evelof Mn". tj^S.lxlO s delay coinc (DT oiS6 1, BoniM64) 
others (DAngN60) 


PS 


97 




















1 . 


Half-life. 


2. Parent radionuclide. 

3. (3 (3^) - occurs 1.3$ of time. Look at bottom for beta energy. 

4. 3 (3^) - occurs l6$ of time. Look at bottom for beta energy. 

5- 3 (3 p ) ■ occurs 30$ of time. Look at bottom for beta energy. 

6. 3 (3^) " occurs 53$ of time. Look at bottom for beta energy. 

7. 7 decay - 15$ of all gamma from this level (1.3$ of time) decays 
by emission of a 3-37 Mev gamma photon. 

8 . 7 decay - 85$ of all gamma from this level (1.3$ of time) decays 
by emission of a 2.52 Mev gamma photon. 

9 . 7 decay - 3$ of all gamma from this level (l6$ of time) decays 
by emission of a 2.95 Mev gamma photon. 

10. 7 decay - 97$ of all gamma from this level (l6$ of time) decays 
by emission of a 2.11 Mev gamma photon. 

11 . 7 decay - 2.2$ of all gamma from this level (30$ of time) decays 
by emission of a 2.66 Mev gamma photon. 

12 . 7 decay - 97.8$ of all gamma from this level (30$ of time) decays 
by emission of a 1.8ll Mev gamma photon. 

13. 7 decay - gamma photon of 0.8469 emitted 53$ of time. 

14. Using first listed 3-^ - the energy of (6) 3-^(3 ) is 2.84 Mev. 

15. Using first listed 3 0 " the energy of (5) 3p (3 ) is 1.03 Mev. 

16. Using first listed 3 q - the energy of (4) 3^ (3 ) is 0.72 Mev. 

17. Using first listed 3p - the energy of (3) 3^ (3 ) is 0.30 Mev. 
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II. 


Lesson Objectives and Notes: 
Use of the Table of Isotopes. 
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Notes: 
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Notes 



Notes 
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Ill. Problems. 


Using the table starting on page 51, Pam 25, list the more 
common isotopes of the following elements and give the mass 
of the heaviest isotope of each element. 


Z NUMBER AND 
ELEMENT NAME 


NUMBER OF 
ISOTOPES 


MASS OF 

HEAVIEST ISOTOPE 


a. 

11 -Sodium 

b. 

24-Chronium 

c. 

60-Neodymium 

d. 

92-Uranium 

e. 

94-Plutonium 

f. 

36 -Krypton 

List 

the half-life 


NUCLIDE 

a. 

1 

b. 

l4 c 

6 l 

c. 

24 

ll Na 

d. 

6 °Co 

27 

e. 

W C b 

55 

f. 

2 35u 

92 

g. 

82 Br 

35 


HALF-LIFE 
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3- What type(s) of particles would you expect from the decay of the 
following nuclides? 



NUCLIDE 

a. 

> 

b. 

12k z 

53 

c. 

^Ce 

58 

d. 

2U Am 

95 

e. 

2 J 2 Bi 

83 

f. 

l65 Ho 

67 

g. 

6 ^Ni 

28 


TYPE OF PARTICLE 


A. After arriving at a new assignment, you decide to take an inventory 
of radioactive materials. One large lead container is found to have 
three bottles in it marked"l, 2, 3." A sign on the container states 
that it contains ^3r-9^Y, 3^S, 12 9l in solution form; however, you 

can find no record of which nuclide is in which bottle. The nuclides 
are all beta emitters. You measure the beta energies and find the 
maximum beta energies are as follows. What nuclide is in each bottle? 


BOTTLE 

ENERGY 

NUCLIDE 


1 

2.27 



2 

0.150 



3 

0.167 
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Give the energy of the most energetic gamma photon from the 
following. 


ISOTOPE 


a. 

W S b 

51 

b. 


c. 

T9 As 

33 

d. 

H5cd 

1+8 

e. 

o 

o 

f. 

7°As 

33 

g. 

H5Te 

52 

h. 

205 B i 

83 


GAMMA ENERGY 
IN MEV 


PERCENT 

OCCURRENCE 



You have been assigned to ship a large quantity of pXCo. In order 
to determine how thick the container wall must be to shield person¬ 
nel from gamma radiation, you must know the most energetic of these 
gamma rays, which occur 3of the time or greater. 

The most energetic is __ . 



7. List the types of particles emitted from the following nuclides, 

the percentage of the disintegrations which result in the particle 
and maximum energies of the particles. 



NUCLIDE 

TYPE OF 
PARTICLE 

PERCENT 

ENERGIES 

EXAMPLE: 

64 Cu 

29 

K 

p 

3 8* 

IS i 

0.573 Mev 
O .656 Mev 

a. 

8 °Br 

35 








t>. 

!plpd 

46 








c. 

> 





8 . 


What percentage of naturally occurring uranium ore is 


2 35u? 

92 


ANSWER: 



9. Give the isotopes of the following element which are found in 
nature and the percentage abundance of each. 

ELEMENT ISOTOPES ABUNDANCE 


a. Oxygen 


b. Aluminum 


c. Zinc 


d. Uranium 
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10. What is the energy of each of the beta particles given off in the 
decay of ^ll ( decay scheme)? What percentage of the time is each 
particle given off? 

RADIATION ENERGY PERCENT 


11. According to Table I, Pam 25, for Manganese- 56 , what are ohe energies 
of all the indicated gamma transitions? What should be used for 
shielding purposes? 
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12. What gamma energies should be used for shielding in the decay o 
the following radionuclides (occur 3 1 ° of the time or greater)? 

NUCLIDE GAMMA ENERGY 


a. 

3^ci 

IT 

b. 

66 Ga 

3-1 

c. 

H9rfl T( 

52 

d. 

2lL Bi 

83 

e. 

1 56 Ba 

f. 

42 K 

19 

g. 

6o Co 

27 

b. 

59p e 

26 

i. 

l4o r a 
57 La 

j- 

i92i r 

77 
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IV. Solutions. 



Z NUMBER AND 

NUMBER OF 

MASS OF HEAVIEST 


ELEMENT NAME 

ISOTOPES 

ISOTOPE 

a. 

11-Sodium 

7 

25.9917^0 

b. 

24-Chromium 

9 

55.940640 

c. 

60-Neodymium 

13 

150.923770 

d. 

92 - T Jranium 

14 

240.056633 

e. 

94-Plutonium 

15 

246.070120 

f. 

36 -Xr;/pton 

17 

89.919720 


NUCLIDE 


HALF-LIFE 

a. 

3 H 


12.262 years 


1 


b. 

lk c 

6 C 


5730 years 

c. 

2i+ Na 


14.96 hours 


11 


d. 

6 °Co 

27 


5.263 years 

e. 

137 Cs 


30.0 years 


55 



f. 

235a 


7.1 x 10® years 


92 



g. 

82 Br 


35-34 hours 


35 
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NUCLIDE 

TYPE OF PARTICLE 

a! 

115 Cd 

48 Cd 

P" 

b. 

124 

53 

+ 

P 

c. 

134„ 

58 Ce 

None (EC) 

d. 

241. 

95 ta 

a 

e. 

212 Bi 

83 B 

P", a 

f. 

> 

None (stable) 

g- 

28 m 

P“ 


4. 

BOTTLE 

ENERGY(Mev) 

NUCLIDE 


1 

2.27 

9 °Sr - ' 
38 Sr 


2 

0.150 

129 t 

53 


3 

0.167 

35 S 

16 S 


Ill 



5 - 



ISOTOPE 

GAMMA ENERGY 

IN MEV 

PERCENT 

OCCURRENCE 

a. 

> 

0.511 

% 

b. 


1.2 

21% 

c. 

79 As 

33 AS 

0.89 

1 % 

d. 

115 Cd 

48 Cd 

0.53 

26 % 

e. 

60u 

27 Co 

1.332 

100 % 

f. 

7 °As 

33 As 

2.03 

19 % 

g- 

115 Te 

52 ie 

1.58 

6% 

h. 

205 Bi 

83 Bl 

1.906 

2% 


6. The most energetic is O.692 Mev (O.l4fo). Considering those which occur 
3% of the time or greater, the most energetic is O.I36 Mev 


7- 

NUCLIDE 

TYPE OF 
PARTI C IE 

PERCENT 

ENERGY 

a. 

80 

35 Br 

p 

92 % 

2 M 

2.00 Mev 
0.87 Mev 

b. 

101 Pd 

46 Pd 

+ 

p 

2 . 5 % 

0.78 Mev 

c. 

211 Bi 

83 Bl 

a 

p" 

99 ■*% 

0.27 % 

6.62 Mev 
None listed 


8. 235 U composes 0.7196 percent of naturally occurring uranium ore 
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ELEMENT 

ISOTOPE 

ABUNDANCE 

a. Oxygen 

l6 0 

99*759$ 


17 o 

0.037$ 


lS o 

0.204$ 

b. Aluminum 

1 —1 
< 
c- 

CVJ 

100 $ 

c. Zinc 

64_ 

Zn 

48.89$ 


66 Zn 

27 . 81 $ 


67 Zn 

4.11$ 


68 Zn 

18 . 56 $ 


Zn 

0 . 62 $ 

d. Uranium 

234u 

0.0057$ 


235u 

0 . 7196 $ 


238u 

99 . 276 $ 

RADIATION 

ENERGY 

PERCENT 

P-, 

0.81 

0 . 6 $ 

P 2 

0.608 

90.4$ 

Po 

0.33 

0.5$ 

P? 

0.25 

6.9$ 

P 5 

Not listed 

1 . 6 $ 


11. Energies from Table I, Pain 25 , are: 

0.81+7, 1 . 811 , 2 . 110 . 

For shielding purposes, the maximum gamma energy occurring 3$ of 
the time or greater is used. 

The first, 0.81+7, occurs 99$• The second, 1.8ll, occurs 29$, and the 
third, 2 . 110 , occurs 15 $. 

The energy used for shielding purposes is 2.11 Mev. 
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12 . 



NUCLIDE 

GAMMA ENERGY (Mev) 

a. 

3^C1 

IT 

0.5H 

Id. 

66 Ga 

31 

4.3 

c. 

H^e 

52 

2.09 

d. 

21 Si 

83 

2.204 

e. 

l4l Ba 

56 

1.65 

f. 

U2t<; 

19 

1.524 

g. 

| 0 Co 

1.332 

h. 

59v e 

2 o 

1.292 

i . 

i4o t 

La 

57 

2.53 

j- 

77 

0.612 
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I 


SHIELDING OF CHARGED 
PART ICLES 


DF060 





DF060, SHIELDING OF CHARGED PARTICLES 


I. References: ST 3-155* Chapter 4, paragraph 4.1, 4.2, 4.5, 4.6, 4.7, 4.9. 
II. Lesson Objectives and Notes: 

A. Mechanism of absorption of charged particles. 

B. Range of beta particles. 
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Notes: 
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Notes: 


III. Handouts: None 
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IV. Problems. 


A. Class and home problems. 

1. From the figure on page 122, Pam 25, obtain the following 
values (in inches). 

a. The range in air of a 1 Mev beta particle. 

b. The range in water of a 4 Mev beta particle. 

c. The range in aluminum of a 0.3 Mev beta particle. 

d. The range in lead of a 1.7 Mev beta particle. 

2. From the figure, page 122, Pam 25, find the range (in inches) 
of a 3 Mev beta particle in each material listed below. 

a. Air 

b. Water 

c. Aluminum 


d. Lead 

3. Convert each range obtained in problem 2 into centimeters 
(l inch = 2.54 centimeters). 
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4. From figure, page 123, Pam 25, what is the range in 
rng/cm^ of a 1 Mev beta particle? What is this range 
expressed in centimenters of aluminum? 


5. Based on figure, page 123, Pam 25, what is the range 
in centimeters of an 8 Mev beta particle in copper? 


6. Based on the figure, page 123, Pam 25, what is the 

range in centimeters of a 0. 7 Mev beta particle in gold? 


7. In a laboratory experiment the maximum range of beta 
particles from a source was found to be 0.25 cm in 
aluminium. What is the maximum energy of the beta 
particles? 


8. A lead shield is bombarded with beta radiation with 

the maximum range being 0.06 cm. What is the maximum 
energy of the beta particles ? 
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V. Solutions to problems. 

A. Solutions to class problems. 

1. From page 122, Pam 25 - 

a. The range in air of a 1 Mev beta particle is 
120 inches . 

b. The range in water of a 4 Mev beta particle is 

0 .9$ inch. 

c. The range in aluminum of a 0.3 Mev beta particle 

is 0.011 inch. 

d. The range in lead of a 1.7 Mev beta particle 
is 0 .02$ inch. 

2. From page 122, Pam 25, range of 3 Mev beta particle - 

a. In air - 520 inches . 

b. In water - 0.67 inch 

c. In aluminum - 0.25 inch. 

d. In lead - 0.055 inch. 

3. Conversion of ranges in problem into centimeters: 

a. 520 inches = ( 520 )( 2 .54) centimeters 

= 1320 cm 

b. O .67 inches = 1.70 cm 

c. 0.25 inches = 0.635 cm 

d. 0.055 inches = 0.1398 = 0.l4 cm 

4. From page 123? Pam 25 - 

2 

Range of 1 Mev beta particle = 400 mg/cm . 

T> 

In aluminum: X = — 

3 ^ 

p = 2.699 gm/cirr (page 65 ) 

p = 2699 mg/cm^ 

then X = = 0.148 cm. 
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5. From page 123, Pam 25- 


For 8 Mev beta particle R = 4150 mg/cm 

3 "* 

From page 65 , Pam 25 p = 8.94 gm/cnr = 8940 mg/cm' 


X = - = 
P 


4200 

8940 


- 0.464 


cm 


6 . Based on page 123, Pam 25 - 

2 

For 0.7 Mev beta particle R = 250 mg/cm 

From page 65 , Pam 25 - 

O "3 

p of gold = 19*32 gm/cnr = 19,320 mg/cm 


X = - = 

P 


250 


19,320 


= 0.0129 cm 


7- Max X = 0.25 cm in aluminum. 

From page 65 , Pam 25 - 
p for A1 = 2699 mg/cm^ 

R = Xp = 0.25 (2699) = 675 mg/cm 2 
From page 123, Pam 25 - 
Max energy of beta particle = 1.5 Mev . 

8 . Max X = 0.06 cm in lead. 

From page 65 , Pam 25 - 
P = 11,350 mg/cm^ 

R = Xp 0.06 (11,350) = 68 l mg/cm^ 

From page 123, Pam 25 - 
Max energy 1 1 .51 Mev 
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Notes: 
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SPECIAL HAZARDS 


DF070 






DF070, SPECIAL HAZARDS 


I. A. References: TM 3-220, para 100-105; Pain 25, pages 19^-203, 206-209. 

B. Discussion. 

1. Radioactive Materials. 

a. General. 

The greatest hazard to the worker in the field of radioactivity lies 
in the accidental entry of radioactive material into the worker's 
"body. The mode of entry may he ty inhalation of airborne dusts or 
aerosols, ingestion, accidental injection, or entry through an open 
wound. Regardless of the mode of entry, a small amount of internally 
deposited radioisotope may present a considerable hazard whereas the 
same amount would be unobjectionable if outside the body. Because of 
their chemical or nuclear properties, some commonly used radionuclides 
are more hazardous than others. 

The chemical or physical form, the chemical properties and/or the 
nuclear characteristics of many elements and compounds offer potentially 
dangerous conditions with which the radiation protection or safety 
officer will have to contend. Some hazardous non-radioactive materials 
are commonly used in the radiation work area which may be overlooked 
because of their non-radioactivity. The special hazards or special 
hazard situations which could result from using special hazard mate¬ 
rials require the radiation protection or safety officer to recognize 
the potential hazard, establish safety procedures to offset the 
potentiality of the hazard, and be prepared to institute emergency 
procedures if preventive actions fail. This discussion is presented 
to make the reader aware of some of the special hazard materials en¬ 
countered in many radiation work areas. 

b. Definitions. 

Special Hazard - A hazard or potential hazard presented by a radio¬ 
nuclide or radioactive material apart from the external radiation 
hazard common to all radioactive materials. 

Special Hazard Material - A radionuclide or radioactive compound 
which, because of its intrinsic characteristics, presents a special 
hazard. 

Special Hazard Situation - A procedure, operation, or situation 
which, because of the intrinsic characteristics of the radionuclide 
involved, presents hazards not encountered when working with other 
radioactive materials. 
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c. Special Hazard Materials. 

(l) Tritium. 

(a) General. After the discovery of deuterium in 1931> much 
effort was expended in searching for a hydrogen isotope of 
mass number 3- Exhaustive electrolysis of highly concen¬ 
trated deuterium oxide samples gave residues in which 
tritium was detected, the quantises of the material being 
such that a natural ratio of 10 atoms of tritium per 
atom of light hydrogen (jn) was suggested in 19^-0. However, 
the ratio 10"^° being so low, the existence of natural 
tritium is often disregarded. 

(b) Tritium production. Natural tritium is believed to be 
formed by neutron bombardment of atmospheric nitrogen 
according to the equation 

14 1 12 3 

7 N + o“ - 6° + I T + « 

The necessary neutrons result from the action of cosmic 
radiation on atmospheric gases. 

Tritium was first prepared artifically by Lord Rutherford, 
Marcus L. E. Oliphant and Harteck in 1935 by the bombardment 
of deuterophosphoric acid with fast deuterons. Deuterium 
compounds bombarded with high energy deuterons produce 
tritium and light hydrogen according to the equation 

2 2 3 1 

p + p -» Jr + 7H + Q 

Helium is also produced according to the equation 

2 2 3 1 

p + p - pe + p + Q, 

Tritium has also been obtained by the reaction of slow 
neutrons on lithium in particle accelerators or nuclear 
reactors according to the equation 

^Li + 1 n -* ^T + Sfe + Q 

3 o 1 2 
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Other possibilities of production are from deuteron bombard- 


ment of beryllium. 

9 Be + 2 D - 

3t + 

8 Be + Q 

k 

1 

l 

k 

or, 

9 Be + 

2 D - 

3t + 

2 h He + Q, 

k 

1 

1 

2 


and a few related processes. The reactions Be (d, 2°) T 
and Li (n, Ci) T are useful in the preparation of tritium in 
sizeable quantities. 

(c) Characteristics. Tritium is the only known radioisotope of 
hydrogen. The following symbols are used to indicate tritium: 

3 3 q. 

2 _H, ]T> or As a gas, it is referred to as Tg or -dig* 

Tritium has a half-life of 12.262 years and emits beta parti¬ 
cles of l8 Kev energy. This is one of the least energetic beta 
particles known. Undiluted tritium gas has an activity of 2.6 
curies/cc STP or 9-8 x 1C)3 curies/gram. Pure tritiated water 
has an activity of about 2.7 x lo3 curies/gram. Since it is an 
isotope of hydrogen, tritium has the same chemical properties 
as hydrogen. It is explosive in the proper concentrations. It 
diffuses rapidly and strongly adsorbs onto and absorbs into all 
surfaces. Tritium undergoes isotopic exchange with hydrogen 
combined in molecules, especially water and hydrocarbons. 

Under proper conditions, it combines directly with most of the 
lighter and many of the heavier elements to produce a hydride 
of the element with which it combines. Some of these reactions 
can be very violent, yielding high temperatures. 

(d) Uses. Tritium may be used in nuclear weapons. It is also 
finding extensive use in both civilian and military appli¬ 
cations other than weapons. Tritium is rapidly replacing 
radium as the radioactive component in luminous paint used 
on compass and watch dials and sighting mechanisms. Some 
detecting elements used on gas chromatographs and accelerator 
targets for neutron sources have tritium as a component. 

Tritium measurements are also used in dating experiments. 
Determination whether an underground reservoir is static or 
not, circulation in the Great Lakes and the actual age of a 
wine have been accomplished using tritium counting techni¬ 
ques . 


125 



TABLE I 
TRITIUM 


ELEMENT 


TYPE 

OF DECAY 

RADIO 

HALF-LIFE 

PROPERTIES/USES 

Tritium 


P" 

12.3 years 

1 . 

Colorless, odorless, taste¬ 
less gas. 

3m. 3 W 

1 T ’ 1 H 


18 Key 


2. 

Diffuses through materials. 





3. 

Absorbed by metals* 





4. 

Forms metal hydrides. 





5. 

Replaces hydrogen in 
hydrogen compounds. 





6. 

Constituent of luminescent 
paints. 





7- 

Tritium bearing weapons. 



TRITIUM OXIDE 



COMPOUND 


TYPE 

OF DECAY 

RADIO 

HALF-LIFE 


PROPERTIES/USES 

Tritium 

Oxide 


P' 

12.3 years 

1 . 

In equilibrium in replace¬ 
ment reactions. 

HTO; T 2 0 





Example: 






H ? 0 + T 2 HTO + HT 





2. 

More easily absorbed in the 
body than T 2 * 
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(e) Hazards. Tritium gas, or vapor, quickly disperses into the 
atmosphere and adsorbs strongly onto many surfaces or even 
penetrates deeply into many construction materials from 
which outgassing may occur later. Complete penetration of 
rubber hoses and thin plastics can occur in a few hours. 
Substantial non-volatile transfer of tritium from con¬ 
taminated surfaces to skin by direct contact has been 
demonstrated. Since tritium radioactivity on the contami¬ 
nated surfaces is not necessarily detectable by gas-flow 
monitoring methods, this route of entry of tritium into 
body tissue must be considered an unrecognized, potential 
hazard, where the handling of surfaces exposed to high 
levels of tritium is concerned. The possibility of contact- 
transferred tritium in skin, its chemical form and location 
within the skin, and the exact radioactivity content of the 
contaminated surfaces are particular problems. 

The radiation hazard to personnel from an accidental re¬ 
lease of tritium gas increases with time because of the 
conversion of tritium to tritium oxide. The latter is 
much more rapidly absorbed by the body because of its 
greater solubility. Tritium gas is absorbed equally through 
the lungs and skin after which ^T atomic replacement of the 

atom in H^O will take place. In addition, THO :>r T^O can 

be inhaled or absorbed through the skin. Consequently, the 
tritium hazard is to the whole body, with the body fluid 
(water) the critical item. Above normal quantities of 
liquids during the first 10 hours after an exposure should 
not be consumed unless prescribed by a physician. 

The main hazard of tritium is that it is extremely difficult 
to detect and therefore may be present in an area without 
the knowledge of the personnel present. 
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TABLE II 


SPECIAL HAZARDS 
TRITIUM 


ELEMENT 

OR COMPOUND 

CRITICAL 

ORGAN 

SAMPLE 

OF CHOICE | 

BIOLOGICAL 

HALF-LIFE 

SPECIAL 

HAZARDS 

Tritium 

Whole 

body 

Urine 

12 days 

1 . 

Difficult to 
detect. 





2. 

j 

Diffusion through 
and into materials 





i 

3. 

Skin contact trans^ 
fer. 





h. 

Hydrogen isotope 
explosive. 





5. 

Outgassing 

Tritium 

Oxide 

Whole 

body 

Urine 

12 days 

1 . 

Readily absorbed 
into the body. 





2. 

Difficult to 
detect. 


(f) Protective Measures. The hazardous effects of tritium can 
be minimized by aeration of a confined space or flushing 
the area under vacuum with helium or hydrogen if necessary 
(control of explosive hazard is required however). The 
Savannah River Plant of the E. I. du Pont de Nemours and Co., 
which uses large amounts of tritium, makes extensive use of 
walk-in hood facilities to minimize the potential hazards 
of tritium. Buildings in which large numbers of tritium 
bearing devices are stored should have adequate ventilation 
to prevent a tritium buildup in case the devices leak. Since 
T 2 goes through filter masks, breathing apparatus with self 
contained air supplies are required to reduce the exposure 
dose. Rubber and plastic gloves with air supplied suits will 
further reduce the exposure dose. Even in this case, the 
equipment should be replaced every 30 minutes because of 
the T 2 penetration of rubber hoses, etc.. 
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(e) Decontamination. 

Tritium diffuses very quickly and unless released in a 
closed area will present little or no hazard. If an 
enclosed area is capable of being flushed with air, then 
it is possible to reduce the hazard and occupy the building 
after the 3 t has been flushed out. Objects in the area 
exposed to tritium may absorb the gas and should therefore 
be disposed of as radioactive waste. If the material is 
needed, degassing under a vacuum by flushing with helium 
or hydrogen may be done. However, the certainty of complete 
decontamination to a safe level is low. 

( 2 ) Uranium. 

(a) General. All nuclear weapons contain a certain amount of 
fissionable material, either uranium or plutonium or both. 
Nuclear accident/incident control personnel as well as 
radiological protection officers are concerned with the 
special hazards associated with uranium. 

<b) Characteristics. Uranium-233 is an alpha (4.8 Mev) and 
gamma (0.097 Mev) emitter. Uranium-234 is an alpha (~4.8 
Mev) emitter. Uranium-235 is an alpha (~4.6 Mev) and gamma 
(0.l8 Mev) emitter, and Uranium -238 is an alpha (~4.2 Mev) 
emitter. 

Uranium metal reacts readily with oxygen in the air to 
produce small particles of insoluble oxide which can become 
airborne under proper conditions. 

The permissible levels for soluble compounds and the level 
for insoluble compounds in air are based on chemical 
toxicity, while the permissible body level for insoluble 
compounds is based on radiotoxicity. 

The high chemical toxicity of uranium and its salts is 
largely shown in kidney damage, and acute necrotic arterial 
lesions. The rapid passage of soluble uranium compounds 
through the body tends to allow relatively large amounts 
to be taken in. The highly toxic effect of insoluble com¬ 
pounds is largely due to lung irradiation by inhaled parti¬ 
cles. Because of their small solubility, absorption of the 
oxide by the gastrointestinal system is very low. Pene¬ 
tration of the unbroken skin is impossible and although 
the material may enter where the skin is broken, it will 
be localized at the point of access. It may be cleansed 
away, even at some later time, without appreciable transfer 
in the bloodstream or other body tissues having occurred 
because of low solubility. 


129 



Uses. As previously stated, uranium is found in some 
nuclear weapons. It has also been used on source check 
plates for laboratory and field use. 

Special Hazards. The primary special hazards presented 
by uranium are the high chemical toxicity of its soluble 
compounds and its alpha irradiation of lung tissues if 
airborne particles are inhaled. 

Other hazards include entrance of particles of uranium 
through the broken skin; ingestion of insoluble uranium 
or uranium compounds which emit alpha particles to cause 
damage to the intestines; and, a fire hazard resulting 
if solid or dust forms of uranium metal are exposed to 
intense heat or flame. 



TABLE III 


URANIUM 


ELEMENT 

OR COMPOUND 

TYPE 

OF DECAY 

RADIO 

HALF-LIFE 

PROPERTIES/USES 

233 

cou 

& 4.8 Mev 

1.62 x io5 

1. Metal readily reacts with 


0.1 Mev 

years 

oxygen in the air to give 




an oxide. 

23V 

0^4,8 Mev 

2.47 x 10 5 

2. Constituent of some 



years 

weapons. 

235u 

Qi~ 4.6 Mev 

7.1 x 10 8 



7 0.18 Mev 

years 



a~4.2 Mev 

4.51 x 109 


_1 


years 



SPECIAL HAZARDS 


1 

i 

ELEMENT 

CRITICAL 

ORGAN 

SAMPLE 

OF CHOICE 

BIOLOGICAL 

HALF-LIFE 

SPECIAL HAZARDS 

Uranium 

Kidney 

Lungs 

Urine 

120 days 

1. Soluble com¬ 
pounds have high 
chemical toxicity 

2. Insoluble com¬ 
pounds irradiate 
intestines. 

3. Fire hazard - 
metal. 
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(e) Protective Measures. Respiratory protection must be pro¬ 
vided to personnel who are likely to enter an airborne 
concentration of uranium compounds which exceeds maximum 
permissible standards as established by Title 10, Part 20, 
CFR. Gloves should be used by personnel who handle uranium 
sources, especially if open wounds are susceptible to con¬ 
tamination. 

(f) Decontamination. The reader is referred to TM 3-220 for 
decontamination considerations for uranium. The general 
discussion for preplanning actions to be taken in the event 
of an accident as applied to radium are applicable also to 
uranium. 

(3) 

Plutonium. 

( a ) General. Plutonium was the first of the man-made elements 
to be produced in large enough amounts to be visible. It 
has 15 known isotopes ranging in atomic weight from 232 to 
246 and all isotopes are radioactive. Plutonium-239 is the 
most commonly used material. It can be formed in a nuclear 
reactor from natural uranium according to the formula 

2 3Su + P_ 239t, p P_ 239Pu 

92 ° ' 92 23 pm 93 2735a 9 1 * 

(b) Characteristics. Plutonium-239 is primarily an alpha 
emitter, giving off a very high energy alpha particle of 
about 5.2 Mev. A low energy (0.05 Mev) gamma photon is . 
emitted 0.02$ of the time. It has a half-life of 2.4 x lCr 
years. 

Plutonium is a highly r active metal. It readily combines 
with the oxygen of ordinary humid air to form a finely 
powdered oxide. Increasing temperatures increase the 
oxidation rate. It is readily dissolved in concentrated 
hydrochloric, hydroiodic, and perchloric acids. 

(c) Uses. The first atomic bomb, exploded in the desert 60 
miles from Alamogordo, New Mexico, on July 1 6 , 1945, con¬ 
tained plutonium. Sixteen months later, it was first used 
in the Clementine nuclear reactor. Since that time it has 
found ever increasing uses in reactor fuels. It has provided 
a long lived and stable neutron source. It can also be 

used to produce transplutonium elements by irradiation in 
the intense flux of a reactor. The most common use en¬ 
countered by radiological protection officers is in cali¬ 
bration and/or check sources such as the AN/UDM-6 and the 
T3-1230( ). 
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(d) Special Hazards. The permissive levels for plutonium 

are the lowest for any of the radioactive elements. Plu¬ 
tonium concentrates directly in the blood forming sections 
of the bone rather than in the more uniform distribution 
shown by other heavy elements, such as radium. A principal 
hazard is associated with the inhalation of plutonium com¬ 
pounds and subsequent irradiation of the lungs. 

The ingestion hazard of the oxide is minimal due to its 
low solubility, but entry of the powdered oxide through 
cuts or skin abrasions is a severe hazard. 

Plutonium metal has been known to burn spontaneously in 
atmospheres with more than normal concetrations of oxygen 
and when coming into contact with petroleum products. 


TABLE IV 


PLUTONIUM 


ELEMENT 

OR COMPOUND 

TYPE 

OF DECAY 

RADIO 

HALF-LIFE 

PROPERTIES/USES 

Plutonium 

239 p 

Pu 

C*~5.2 Mev 

7~0.05 Mev 

2.A x 10^ yr 

1. Metal reacts readily with 
oxygen in air to give oxide. 

2. Found in some weapons. 

3- Used in AN/UDM-6 Calibrator. 

ELEMENT 

OR COMPOUND 

CRITICAL 

ORGAN 

SPECIAL HAZARDS 

SAMPLE 

OF CHOICE 

BIOLOGICAL 

HALF-LIFE 

SPECIAL HAZARDS 

Plutonium 

Bone 

(sol) 

Lung 
(insol) 

Urine 

200 years 

1. Concentrates direc¬ 
tly in blood form¬ 
ing section of the 
bone. 

2. Severe hazard if 
entry through 
broken skin. 

3. Fire hazard - metal 
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(e) Protective Measures. Because of the severely toxic nature 
of plutonium, the maximum permissible body burdens are 
set very low and correspondingly, the maximum permissible 
concentrations are set equally low. Strict control of 
radioactive contamination is imperative in a plutonium 
operation. Cleanliness of the work area, protective 
clothing and respiration are required when working with 
loose plutonium. Check sources or calibration plates must 
be handled with extreme caution to avoid flaking or scratch¬ 
ing the surface. Wipe tests must be performed periodically 
and hauling tools or gloves should be used when transporting 
a source. 

(f) Decontamination. The reader is referred to TM 3-220 for 
decontamination procedures and techniques. In addition to 
the procedures listed therein, as a last resort, plutonium 
may be removed from the skin using a potassium permanganate 
(6.4 gm/lOO ml) and 1$ sulfuric acid solution (0.2N), 
followed by brushing (not longer than 2 minutes), rinsing, 
and rewashing with sodium acid sulfite solution (lO gm 
Na HSO 3 / 2 OO ml HpO) (not longer than 2 minutes). The pro¬ 
cedure may be repeated several times as long as the 2 
minute maximum washing time in each step is observed. 

(4) Strontium-90 - Yttrium-93. 

(a) General. Use of 90s r _90y is becoming more common as attempts 
have been made to produce portable calibration devices that 
require less and lighter shielding than conventional gamma 
radiation sources. An example is the Army’s TS-784A/PD 
Radiac Calibrator. 

(b) Characteristics. Strontium-90 is a pale yellow, soft metal 
found in equilibrium with its daughter product, Yttrium-90. 

A source of pure 90s r will reach an equilibrium with its 
daughter, 90 y^ in about l4 days and thereafter, the quantity 
of Yttrium, measured in curies, will be the same as the 
quantity of strontium and will follow its decay. 

Strontium-90 emits beta radiation of about 0.55 Mev. Its 
half-life is 27.7 years. Yttrium-90 emits beta radiation of 
about 2.27 Mev. Its half-life is 64 hours. 
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(c) Uses. As calibration sources , 90g r _90y beta (particulate) 
radiations interact with various shielding materials to 
produce bremsstrahlung (energy) radiation for calibration 
of gamma detecting/measuring radiac meters. 

(d) Special Hazards. These isotopes are among the most hazard¬ 
ous handled in laboratory and plant operations. Strontium- 
90 is a bone seeker. It will replace the calcium in the 
bone and act as a source of internal radiation to the blood 
forming tissues. 

Strontium and Yttrium present a moderate fire hazard in the 
form of dust when exposed to flame. Strontium-90 metal 
is highly dangerous if it comes into contact with water or 
steam. Like sodium metal, it will release heat and hydrogen 
gas and may cause an explosion. 

(e) Protective Measures. Workers using Sr-Y sources must be 
cautioned on the special hazards of the material with which 
they are working. Working areas must be clean and free of 
oxidizing or caustic agents which could possibly be trans¬ 
ferred to contact the source. Immersion and other wet 

or smear techniques are preferred for metallic or chloride 
sources. Gloves and protective eye goggles or glasses should 
be worn to protect the hands and eyes from possible damage 
due to the caustic nature of strontium oxides and hydroxides. 
The goggles or glasses will also provide retinal protection 
from the high energy beta particles released by Yttrium-90. 

(f) Decontamination. The reader is referred to TM 3-220 for 
decontamination techniques and procedures. The general 
preplanning techniques discussed previously for radium 
should be applied also to strontium-yttrium sources. 

(5) Polonium. 

Polonium is another metal coming into more use as a radiation 

source in the isotopic form Polonium-210. 

(a) Characteristics and Hazards. Polonium-210 is an alpha 
( 5.3 Mev) and gamma (0.80 Mev) emitter. Polonium salts 
which are soluble will concentrate in the spleen if the 
source enters the body. Insoluble salts are sources of 
alpha radiation to the lungs and the intestinal tract if 
inhaled or ingested. Extreme care must be taken to contain 
this material because it may become airborne or be ingested 
.very rapidly. The primary special hazard presented by 
Polonium-210 is that it is difficult to handle without con¬ 
taminating surrounding areas. 
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(b) Protective Measures. Extreme caution must toe used when 
handling this material. The high energy of the alpha 
particle emitted toy ^ 10 p o ma kes it as hazardous as plu¬ 
tonium as an alpha emitter. In addition to the precautions 
taken when using plutonium users of polonium should con¬ 
sider the use of glove tooxes or similar devices to assure 
the containment of the source. 

(c) Decontamination. The general principles of decontamina¬ 
tion should be applied to ^^Po decontamination. Circu¬ 
lating air systems are of particular concern in preventing 
the spread of the contaminant. 

( 6 ) Cesium. 

(a) General. Because Cesium-137 is not a bone seeker and has 
a very long half-life (30 years), it has been used as a 
replacement for shorter lived Cotoalt -60 or hazardous 
Radium-22o. (An example is the AN/UDM-IA Radiac Calibra¬ 
tor, a 137 Cs spurce, which has replaced the AN/UDM-1 Radiac 
Calibrator, a °°Co source.) 

(b) Cesium-137 is a beta emitter (0.51 Mev (93-5$>) and 1.2 Mev 
(6,5$) in equilibrium with its daughter Barium-137m, a gamma 
emitter ( 0.66 Mev)). Cesium-137 sources are usually pro¬ 
duced from powdered cesium sulphate and then used in sealed 
containers. Other salts of cesium have been used in the 
past, however, and the stability of the source must be 
carefully evaluated before use. Cesium chlorates and bro- 
mates can decompose with evaluation of oxygen producing an 
eruption hazard. Cesium chloride and bromide are hygro¬ 
scopic salts. A leaking source could produce widespread 
contamination because of this property. Cesium metal can 
ignite spontaneously (as sodium) on contact with water. 

(c) Protective Measures. Users of ^37 q s shonqq know what salt 
of cesium is contained in their sources. Plans of use, 
leak testing, etc., should be made so as to reduce the 
hazardous potential of the source involved. 

(d) Decontamination. The reader is referred to TM 3-220 for 
specific decontamination techniques and procedures. 
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(7) Other Commonly Used Radionuclides. 

(a) Artificial isotope Iodine-131 is used -widely in medical 
circles for diagnostic and therapeutic purposes because 
the element is concentrated by the body in the thyroid 
gland. Because of the relative smallness of this organ, 
the permissible body level is quite low. Frequently 
there is a tendency by doctors to overdose. This ten¬ 
dency must be avoided whenever possible. 

(b) Cobalt-60 is more likely an external than an internal 
hazard. Metallic Cobalt-60 is commonly used in sealed 
gamma sources. Many sealed sources leak as a result of 
electrolytic action between cobalt and the container. 

The result is often a soluble cobalt salt -which creeps 
and spreads. Frequent leak testing of capsules containing 
metallic cobalt is desirable. Specific decontamination 
procedures and techniques are discussed in TM 3-220. 

(8) Commonly Used Non-radionuclides. 

(a) General. Because of their nuclear properties, beryllium 
and lead are often used in conjunction with radionuclides. 
These materials are so commonly used that their intrinsic 
hazards are often neglected. The emphasis placed on radia¬ 
tion protection associated -with the use of the radionuclide 
increases the possibility of neglect. Radiological pro¬ 
tection officers should establish and enforce safety pro¬ 
cedures to reduce the hazards presented by beryllium and 
lead. 

(b) Beryllium. As a pure metal or par*, of a compound, beryl¬ 
lium is toxic. It may cause death or permanent injury 
after very shorn exposures to small quantities when taken 
into the body by inhalation or ingestion. InhaLation is 
the most significant means of entry into the body. 

Beryllium can cause berylliosus wh:ch is a respiratory 
disease similar to pneumonia. 

(c) Lead and Lead Compounds. Pure lead and most of its com¬ 
pounds are toxic. Lead concentrates in the kidneys and 
bone where it is liberated into the bloodstream causing 
anemia. Lead poisoning is one of the most common of 
occupational diseases. The lead must enter the body or 
tissues, otherwise, no exposure can be said to exist. 

Modes of entry are: 
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1. By inhalation of dusts, fumes, mists, and vaporfe. 

2. By ingestion of lead compounds trapped in upper 
respiratory tract or introduced into the mouth on 
food, tobacco, fingers, or other objects. 

3. Through the skin - in the case of organic lead com¬ 
pounds . 

Large percentages of lead entering the body by ingestion 
are excreted and for this reason, large amounts and long 
exposure are necessary to cause poisoning by this route. 

On the other hand, when lead is inhaled, absorption takes 
place easily and symptoms develop more quickly. 

Lead is a cumulative poison. Increasing amounts build up 
in the body and eventually a point is reached where symptoms 
and disability occur. 

Lead carbonate, monoxide, and sulphate are considered the 
more hazardous compounds and also more toxic than lead 
metal. 

In any case, inhalation of vapor, fumes, and dusts presents 
the most serious hazard - whether metal or compound is en¬ 
countered. 
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TABLE V 


OTHER SPECIAL HAZARD MATERIALS 


ELEMENT 

CR COMPOUND 

TYPE 

OF DECAY 

RADIO 

HALF-LIFE 

CRITICAL 

ORGAN 

BIOLOGICAL 

HALF-LIFE 

HAZARDS 

Strontium-90 

po.55 

Mev 

27.7 yr 

Bone 

52 years 

^Replaces calcium 
in the bone. 

Fire hazard. 

Reacts with water. 

Yttrium-90 

(32.27 

Mev 

64 hr 



Insoluble compounds 
will irradiate lungs, 

In equilibrium with 
9°Sr. 

Polonium-210 

a5.3 

Mev 

70.8 

Mev 

138 days 

Spleen 

60 days 

Alpha emitter. 

Difficult to handle 
without contamina¬ 
tion. 

Cesium-137 

Bromide 

Chloride 

30.51 

Mev 

70.7 

Mev 

30 yrs 

Whole 

body 

(sol) 

70 days 

Metal reacts vio¬ 
lently with water. 

Soluble salts hygro¬ 
scopic and easily 
dispersed. 

Iodine- 131 

30.61 

Mev 

70.64 

Mev 

8 days 

Thyroid 

138 days 

Overdose. 

Beryllium 

None 

- 

Lungs 

- 

Toxic metal. 

Lead and 
Compounds 

None 

- 

Bone 

Kidney 

- 

Severe inhalation 
hazard. Chemically 
toxic to the body. 
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d. Medical Aspects of Special Hazard Materials. 

(l) Evaluation of Internal Exposure. 

If personnel are suspected of having been exposed internally 
to special hazard materials, confirmation and an evaluation of 
dose received are required. Because the characteristics of 
special hazard materials vary, and because they concentrate in 
specific critical organs of the body, the techniques of deter¬ 
mining exposure vary. Table VI below indicates the sample of 
choice for determining internal exposure. 

Table VI 


SAMPLE DETERMINATION OF INTERNAL EXPOSURE 


ISOTOPE 

SAMPLE OF CHOICE 

REMARKS 

3 H; HTO 

Urine 


1 



Radium 

Feces 


Radon 

Breath and Urine 


Thoron 

Breath and Urine 


Uranium 

Urine 


Plutonium 

Urine and Feces 

Collect as pooled 


24 hour samples; 
save feces for 3-5 
days. 


Preserve urine with 
1 mg/ml sulfonic 
acid; store at 3°C; 
at least 100 ml needed. 

Should leakage and ingestion occur, the body dose cannot be 
calculated by simply integrating the dose rate from the initial 
dose over a convenient period, since some or all of the element 
or compound in question will have been removed from the body by 
execretion before it could decay. 


Sr-Y Urine 

Polonium Urine 
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In order to take this into account, a modified ti is introduced. 
This is the effective half-life (ti) and is connected with the 
physical half-life (i.e., ti by radioactive decay only) and the 
biological half-life (i.e., 2 half-life by excretion alone) by the 
expression 


% eff ti phy + t x bio 

2 2 | 

where 

t_i eff is the effective half-life. 

2 

ti phy is the physical half-life, and 
2 

ti bio is the biological half-life. 

This formula is applicable to all ingested sources. Table VII 
gives useful data for possible accidental exposure or contamina¬ 
tion to the special hazard materials previously discussed. The 
table combines information from Table I of NES Handbook 69 , and 
Table XII of Report of Committee II, International Commission 
on Radiological Protection on Permissible Dose for Internal 
Radiation (1959 revision) and is extracted in part from Table 
18.82 of NRC Handbook, Medical Aspects of Radiation Accidents. 

Table VII 


RADIONUCLIDES THAT MAY BE ENCOUNTERED ON ACCIDENTS 


RADIONUCLIDE 
AND TYPE OF 
DECAY 

ORGAN OF I 
REFERENCE 

- - 1 

MAXIMUM PER¬ 
MISSIBLE BODY 
BURDENS (pci) 

PHYSICAL 
HALF-LIFE 
(ti phy) 
(days) 

BIOLOGICAL 
HALF-LIFE 
(ti bio) 
(days) 

EFFECTIVE 
HALF-LIFE 
(ti eff) 
(days) 

%, HTO, ToO 

1 

(3‘) (sol) 

i 

Body Tis¬ 
sue 

Total 

Body 

10 3 

2 x 10 - 
( 100 #)* 

^.5 x 10 3 

12 

12 

fTI t 

Gl(LLl)** 

Total 

Body 

10 

1.9 x 10 3 

18/24 

9.5 

(insol) 

Lung 

GI(LLI) 






141 





Table VII (cont) 


RADIONUCLIDE 
AND TYPE 

OF DECAY 

ORGAN OF 
REFERENCE 

MAXIMUM PER- 1 
MISSIBLE BODY 
BURDENS (pci) 1 

PHYSICAL 

HALF-LIFE 
(ti phy) 
(days) 

BIOLOGICAL 
HALF-LIFE 
(ti bio) 
(dSys) 

EFFECTIVE 
HALF-LIFE 
(ti eff) 
(days) 

9 °Sr (P ") 

38 

(sol) 

Bone 

Total 

Body 

2 (95^) 

20 

10 ^ : 

i 

1.8 x 10 ^ 

5,700 

{ 

( insol) 

Lung 

gt(lli) 


i 



9°Y fl3-) 

38 

(sol) 

i 

i 

GI(LLI) 

Bone 

Total 

Body 

3 

20 

2.68 

18/24 

2.68 

(insol) 

GI(LLI) 

Lung 





1 ^I ",7 ,e“) 

(sol) 

Thyroid 

Total 

Body 

O.T ( 20 $) 

50 

8 

j 

138 

7.6 

(insol) 

GI(LLI) 

Lung 





1 ^Cs (3 ~,y) 

55 

(sol) 

Total 

Body 
Liver 
Spleen 
Muscle 
Bone 
j Kidney 
j Lung 

30 ( 100 $) 

4o 

50 

50 

100 

100 

300 

1.1 x 10 4 

TO 

70 

138 

138 

(insol) 

I Lung 

Igi(lli) 





21 °p 0 pc) 

84 

(sol) 

i Spleen 
Kidney 
Liver 
Total 

Body 

Bone 

! 0.03 (8 $) 

! 0 . 04 

[ 0.1 

'0.4 

0.5 

138.4 

60 

46 

25 

(insol) 

Lung 

GI(LLI) 




1 
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TABLE VII (CONT) 


RADIONUCLIDE 

ORGAN OF 

MAXIMUM PER¬ 

PHYSICAL 

BIOLOGICAL 

EFFECTIVE 

AND TYPE 

REFERENCE 

MISSIBLE BODY 

HALF-LIFE 

HALF-LIFE 

HALF-LIFE 

OF DECAY 


BURDENS (uci) 

(ti phy) 

(ti bio) 

(ti eff) 




(days) 

(diys) 

(diys) 

226Ra(a,p",7) 

Bone 

0.1 

5.9 x 10 5 

45 

1.6 x 10^ 

86 

Total 





(sol) 

Body 

0.2 



900 

(insol) 

GI(LLI) 





233u ( Q , r ) 

GI(LLI) 


5.9 x 10 T 



92 

Bone 

0.05 



300 

(sol) 

Kidney 

Total 

0.08 





Body 

0.4 


120 

100 

(insol) 

Lung 

gi(lli) 





235u (a,0-, 7 ) 

gi(lli) 


2.6 x 10 11 



92 

Kidney 

0.03 




(sol) 

Bone 

Total 

0.06 



300 


Body 

0.4 


120 

100 

(insol) 

Lung 

(GI(LLI) 





2 Aj (a,3,e‘) 

gi(lli) 

Kidney 

5 x 10"3 

1.7 x 10 12 



(sol) 

Bond 

Total 

0.06 



300 


Body 

0-5 


120 

100 

(insol) 

Lung 

(GI(LLI) 





2 39pu(a, r ) 

Bone(99^) 0.04 

8.9 x 10^ 

7.3 x 10 k 


94 

Liver 

0.4 




(sol) 

Kidney 

Total 

0.5 



6.4 x io 11 


Body 

0.4 




(insol) Lung 

GI(LLI) 


*{$>) indicates the percentage in critical organ of that in the total body. 
** Gl(LLl) indicates gastrointestinal tract, lower large intestine. 
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(2) Treatment. 

Treatment for internal exposure should be under the supervision 
and direction of a physician. The radiological protection 
officer should supervise decontamination of the individual(s) 
concerned before leaving the work area and notify the physician 
of the type of material and suspected mode of entry into the 
body. 

II. Student Performance Objectives of this Lesson. 

A. Given a list of commonly used radiation sources and items containing 
radioactive isotopes, state the special hazards associated with each 
source/item, without' error. 

B. Given a list of commonly used radionuclides presenting special 
hazards, explain the methods of protecting radiation workers from 
the hazards presented, without error. 

C. With references and a radionuclide presenting a special hazard, list 
the special procedures for decontamination as prescribed in TM 3-200. 

III. Laboratory Exercise or Handouts: None 

IV. Problems and Solutions: None 

V. References: 

A. DA Pamphlet 39-3* The Effects of Nuclear Weapons, DA, Apr 62. 

B. Medical Aspects of Radiation - a handbook for physicians, health 
physicists and industrial hygienists, Eugene L. Saenger, Editor, 
NRC, 1963. 

C. TM 3-220, Chemical, Biological, Radiological (CBR) Decontamination, 
DA, Nov 67. 

D. TB 750-237, Identification and Handling of Radioactive Items in the 
Army Supply System, DA, Feb 70. 

E. Dangerous Properties of Industrial Materials, 2d Edition, N. Irvin 
Sax, 1963, Reinhold Publishing Corp. 

F. Radiation Hazards and Protection, D. E. Barnes - Denis Taylor, 2d 
Edition, Pitman Publishing Corp, 1963, NY, London, Toronto. 

G. Principles of Radiation Protection, G. Eaves, 1964, ILIFFE Books, 
Ltd., London. 
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H. Inorganic Chemistry, Therald Moeller, 1952, John Wiley and Sons, 
New York. 

I. Plutonium - AEC Series, "Understanding the Atom, "US Atomic 
Energy Commission, Oak Ridge, Tennessee, 37820. (Revised 
Edition - 1966). 
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DF080, RADIUM - HAZARDS AND CONTROL 


I. References and Discussion. 

A. References: 

1. Report of Committee II, Permissible Dose for Internal 
Radiation (1959)* 

2. Radium and Messothorium Poisoning and Dosimetry and Instru¬ 
mentation in Technique Applied Radioactivity, MIT-952-1 (1964). 

3. Diagnosis and Treatment of Radioactive, International 
AEA (1963). 

B. Discussion: 
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RADIUM IN MAN 


1. While the external hazards of radium were recognized almost immediately 
after its isolation in 1898 , it was not until 1924 that the toxicity of 
internally deposited radium was realized. 

Somewhere between 1914 and 1917, radium dial painting began in various 
locations throughout the world. One plant alone in New Jersey employed 
800 girls between 1917 and 1925. These girls used to make a fine point 
on the brush, often by dipping the brush in the paint and drawing it 
between the lips. Then they would "point" rather than brush the radium 
on the dials. This necessitated repeated entry of the radium laden 
brush into the mouth, resulting in considerable ingestion of radium. 

Some of the girls even painted their lips, hair, and nails with the 
luminous material so that they would shine in the dark. 

During the years 1922 to 1924, nine dial painting girls died with severe 
and unexplained anemia and destructive lesions of the jaw bone and mouth. 
In 1924 an article appeared in the Journal of the American Dental Associa¬ 
tion concerning the case of a girl who had osteomyelitis of the jaw. The 
author mentioned in a footnote that there was a possible causative con¬ 
nection between the girl's pathologic condition and radium dial painting. 
Almost simultaneously several other reports bearing on this possible 
relationship appeared in both the Journal of the American Dental Associa 
tion and the Journal of the American Medical Association. 

Both the lay public and factory officials became concerned as more and 
more cases of radium toxicity were reported. A complete and thorough 
investigation clearly established the causative agent to be radium. 
Protective steps were then taken (gloves, hoods, routine blood counts, 
etc.) in order to minimize further occupational exposure to this material. 
However, by this time, thousands of individuals throughout the world 
(mostly young girls) had been involved in radium dial painting, and the 
long-term effects of this exposure are still being observed today. 

In addition to Radium-226, the luminous paint that was used on the east 
coast of the United States contained varying amounts of mesothorium 
(radium-228, half-life 6.7 years) and radiothorium (thorium- 228 , half-life 
1.9 years). The art of making this paint belonged primarily to one 
individual, Dr. Fontesharke, who was very secretive about the ingredients 
and their amounts. Because of this, it is difficult to retrospectively 
estimate the initial body burdens (amount of radium in the body) of the 
dial painters, since most of the activity of radium-228 and all of the 
initial activity of thorium-228 has decayed. However, a body burden of 
sane of the early dial painting cases of up to 200 microcuries has been 
postulated. 
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In 1931> 32 mental patients of the Elgin State Hospital, Elgin, Illinois 
received weekly intravenous injections of 10 microcuries of radium- 226 , 
up to a maximum of 45 weeks for the purpose of comprehensive measurement 
of radium retention. These individuals have been followed up to the 
present time, and have provided important information concerning radium 
retention in man. 

Recently, a house occupied by a radium chemist and his family from about 
1919 "to 1950 Vas found to be contaminated with radium-226. The basement 
of the house was used as a radium laboratory. From 1950 to 1964 the 
house was sold twice, and a total of 22 residents of the house since 1919 , 

17 have been studied. It is of interest to note that after the house was 
sold in 1950 , none of the adults or children have acquired a medically 
significant skeletal deposit radium, even though some of the individuals 
lived in this highly contaminated environment for as long as 10 years. 

Up until 1932, the ingestion or injection of radium was an accepted medical 
practice. Additionally, patent medicines containing radium were sold to the 
public. As the harmful effects of internally deposited radium became better 
known, its medical use as a general panacea for illness ceased, until today 
it is used almost exclusively in sealed forms for its gamma radiation only. 
The early experience with internal radium deposition was not without value, 
for maximum permissible body burdens of radionuclides which localize in 
bone have been determined from a direct comparison with radium- 226 . 

2. Absorption, Distribution and Execretion of Radium in the Body. 

Early radium studies disclosed several basic facts: 

a. Most of the radium which is taken up by the organism is excreted 
within a few days following administration and only a small portion 
remains for a very long time. 

b. The excretion takes place mostly in the feces and only a small 
portion is excreted in the urine. 

c. Because radium is chemically similar to calcium and is therefore 
metabolized in much the same way, the fraction of radium remaining 
in the organism is almost entirely deposited in bone, 

d. Most of the radon, the first daughter product of radium, is exhaled 
through the lungs. 

Although radium and calcium are handled similarly in the body, there exists 
a discrimination against radium and in favor of calcium in the absorption 
process. The degree of discrimination depends upon many factors, including 
solubility, particle size, and other material ingested with the radium, 
particularly the number of calcium ions available for competition. Esti¬ 
mates of the magnitude of discrimination against radium in the absorption 
process vary from 4 to 10 for man. 
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Following an intravenous injection of radium, the plasma concentration 
continually falls as a function of time. Since radium is incorporated 
in newly-formed bone mineral at the same concentration (radium to calcium) 
as it exists in the blood, mineral formed shortly after a dose of radium 
is administered will have a higher specific activity than mineral formed 
later. These localized high levels of activity have been termed "hot¬ 
spots." 

The initial site of radium deposition occurs in what is known as an osteon, 
or localized area of bone which surrounds a nutrient canal. The bone 
cells lay down the calcium or radium in layers from the periphery inwards, 
in onion-like fashion, the oldest radium or calcium being deposited on 
the outermost layers. As the concentration of radium decreases in the 
blood, fewer radium atoms are available for incorporation in new osteons, 
and these then give the appearance of a diffuse distribution of radium 
throughout the bone. 

Radium can also undergo true diffusion in bone, in two ways. The calcium 
(or radium) enters the osteon in a water phase during the early formation 
of bone mineral. At this stage of the formation of bone an exchange pro¬ 
cess can occur whereby radium can be replaced by calcium. Later, as 
water is replaced by mineral salts, further exchange of this kind ceases. 
However, later diffusion can occur through the action of osteoclasts, 
which resorb bone mineral, releasing radium and calcium ions into the 
bloodstream, where they once again become available for incorporation into 
newly forming osteons. By the process of exchange, then, radium from 
initial hot spots can become diffuse throughout bone. Experimental evi¬ 
dence has indicated that the diffuse radium activity is one-half of the 
total radium activity in bone. 

Because the Elgin State Hospital patients received known doses of radium 
intravenously, it is possible to make several interesting calculations. 

For example, it was noted that weekly intravenous injections of 10 micro¬ 
curies of radium gave an average terminal concentration of 14 picocuries 
per milligram of bone. Therefore the intravenous intake rate for any 
other measured terminal concentration can be estimated. 

As indicated previously, the diffuse bone radium activity is dependent 
uppn the total radium content in bone, with approximately half of the 
total radium activity found in a diffuse distribution. However, the 
maximum hotspot activity (pc/mg of bone) is dependent only upon the 
radium-to-calcium ratio in blood at the time of formation of the bone 
mineral. As the total length of the exposure increases the diffuse 
activity also increases, thereby causing a lower hotspot-to-diffuse 
ratio than a short exposure. For example, the hotspot-to-diffuse ratio 
for many radium dial painters (long exposure) was found to be approxi¬ 
mately 40, while the hot-to-diffuse ratio of an Elgin State Hospital 
patient who received only 7 weekly injections was found to be 263 . 
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Finally, if an ingestion discrimination factor of 4 to 10 is assumed, and 
if the ratio of hotspot-to-diffuse activity is 40 , indicating chronic 
exposure, and if the hotspot was observed to have an activity of 42 pc/mg, 
we can retrospectively estimate that the individual ingested 120 to 300 
microcuries per week of radium over a prolonged period of time. 

Approximately 95 to 98 percent of radium excretion is by the feces, 
whereas 2 to 5 percent of the excretion is in the.urine. The actual _q ^2 
excretion of radium can be described by the power function Rt = 0.5^+t * 1 

where Rj. equals amount of radium retained after time t, and t equals time 
in days after injection. 

Therefore, one day following injection the body retains about 60 percent 
of the total amount that is injected; after 1 week about 20 percent is 
retained; after 1 month about 9 percent is retained; and after 1 year 
about 2.5 percent is retained. At the end of 30 years, about 0.4 percent 
of the amount of radium is still retained. 

It is estimated that once radium Is incorporated into bone material, it 
has an effective half-life of 45-50 years. 

3 . Effects of Radium in the Body. 

Acute doses of radium which fix large quantities (10-200 microcuries) in 
the skeleton lead to a short and fatal course, the manifestations of 
which may be leukopenia, secondary anemia, extensive hyperplasia of bone 
marrow, pathological changes in kidney and other soft tissue, necrosis 
of bone, loosening of teeth, chronic infection, weakness and death. 

The long-term effects of lower doses are more subtle in appearance and 
may take years to become apparent. Assuming that 65 percent of the radium- 
226 daughter product, radon, is exhaled through the lungs, the total energy 
deposited in the skeleton per disintegration of radium-226 plus 35 percent 
of its daughter products is 11 MEV, mostly in the form of alpha particles, 
which have a high linear energy transfer. It has been determined that 
0.1 microcurie of radium in bone will give a local dose of 0.6 rem/week. 
However, there are hotspots of from 30 to 260 times the activity of the 
diffuse distribution of radium. Because of this, body burdens of greater 
than 0.1 microcurie of radium can cause scarring and consequential 
decrease in the lumen of the vascular vessels of the bones, resulting in 
decrease of nutrients to those areas of the bone. When this occurs, the 
osteoclasts resorb the bone mineral, leaving a hollow area of necrosis. 

In the case of long bones, this will increase the incidence of fractures. 
One study has also indicated chromosome changes in the form of numerical 
as well as structural aberrations. In some patients, there was an increase 
beyond control values in the frequency of cells not having the normal 
chromosome number of 46 , while structural aberrations consisted of chro¬ 
mosome fragments, deletions and translocations. This study Included 
patients with body burdens of from less than 0.1 microcurie to 1.9& 
microcuries, although no significant number of cells with structural 
defects were observed in patients with body burdens of 0.1 microcurie 
or less. 
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Since ionizing radiation is a carcinogen, it is not styprising that a high 
incidence of osteogenic sarcoma has been found in patients with body 
burdens greater than 1.5 microcuries of radium-226, and the development 
of bone tumors many years after exposure has been the principal hazard 
to the dial painters and to patients given large medical doses of radium 
in unsealed forms. 

4 . Body Burden Determinations. 

Since some of the radium daughters are gamma emitters, it is possible to 
assess the body burden by the use of a whole-body counter, employing 
sodium-iodide scintillation crystals. 

A second method estimates body burden by correlation with radon exhaled 
as shown below. We know that 1 microcurie of radium -226 produces 
2.22 x 10 ° atoms of Rn/min. 

Activity = £N 

Activity = 2.22 x 10 ^ atoms of Rn x ^*^- 9.3 day x 1440 PA n M-. e . 

minutes 3.825 day 

2.22 dpm/picocuries 

= 126 picocuries of radon produced each minute 

Therefore, if there is a body burden of 1.0 microcurie, and 65 percent 
of radon produced is lost in the breath, then 82 picocuries of radon are 
exhaled in the breath each minute. If the average man exhales 7 liters/ 
minute, then 

82 gicocuries/minute = 11>7 pico curies of radon/liters of 

7 liters/minute breath, 

if the body burden is 1.0 microcuries of radium; or 1.17 picocuries of 
radon/liter of breath for each 0.1 microcurie of radium in the body. 

5 . Maxium Permissible Body Burden. 

NBS Handbook # 27 , which was published in 1941 , recommended that the maximum 
permissible body burden for radium-226 be established as 0.1 microcuries. 
This remains as an acceptable value to this day. The decision to use 0.1 
microcuries was based on the observation that osteogenic sarcoma or other 
major clinical manifestations had not been found in subjects with body 
burdens of less than 1.5 microcuries of radium-226, and on the use of a 
factor of 10 as a margin of safety. 
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Although tumors have not teen observed in persons with body burdens of 
radium as low as 0.1 microcurie, the factor of safety may not be as large 
as 10, since tumors have occurred in persons having a body burden of less 
than 1 microcurie at the time the tumor was first detected. In all these 
cases, however, the original body burden had been greater than this. 
Furthermore, in the case of the radium dial painters, the original dose 
was augmented by the addition of mesothorium (Ra- 228 ) in the ingested 
material. At present-day occupational levels, it is estimated that the 
maximum permissible body burden would' be reached only after 50 years of 
continuous exposure. 

6. Inherent Disadvantages of Radium. 

Radium- 226 , a naturally occurring radionuclide found as' a daughter product 
in the uranium decay series, has a half-life of 1,622 years. As a member 
of the alkaline earth series, radium is chemically similar to calcium, 
strontium, and barium. Therefore, if it enters the body, it will probably 
be deposited in the bone where it may cause significant biological damage 
because of its long effective half-life and alpha decay. These properties 
make radium the most radiotoxic of the commonly used radionuclides. 

Radium is a brilliant white metal that quickly turns black (nitride) in 
contact with the atmosphere. It behaves like the other alkaline metals, 
attacking glass or quartz and decomposing water to form an hydroxide. 
Therefore, the radium used in medicine and industry is combined in a more 
stable form as a chloride, bromide, or sulfate. Most of the radium proc¬ 
essed in recent years is in the form of the insoluble sulfate. However, 
in 1933 Sayer reported that in a survey of radium sources in medical 
institutions, l8 percent of the radium was in the form of a chloride, 2o 
percent in a bromide form, and 54 percent was in a sulfate form. The 
remaining 2 percent was radium carbonate or some other compound. These 
salts are hermetically sealed in tubes, needles, cells, or capsules where 
they can be manipulated to produce the desired exposure. Since these 
salts are in the form of a fine powder, rupture of the sealed container 
will result in the dispersal of the radium, making recovery and decontamina¬ 
tion operations difficult. Because radium -226 has a 1 , 622 -year half-life, 
decontamination is necessary rather than restricting the area until the 
activity has decayed to acceptable levels, as can be done in similar 
incidents with some of the short-lived radionuclides. 

It should also be pointed out that the dosage calculations in radiation 
therapy are based on the assumption that the radium is uniformly distri¬ 
buted throughout the active length of the source. Barium salts are 
usually added to the radium salts to fill the container completely. 

However, Freed and co-authors have observed by autoradiography of radium 
needles that these salts may become unevenly packed, resulting in a con¬ 
siderable discrepancy in the expected tissue dose as calculated from a 
uniformly packed needle. They recommend a periodic inspection and 
autoradiograph of sources used in therapy. 
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Another characteristic of radium is its complex series decay. Radium -226 
is primarily an alpha emitter, as are its daughters, radon-222, polo¬ 
nium- 218 , and polonium- 214 . The gamma activity that makes radium appli¬ 
cable in medicine and industry cones from the beta-gamma decay of tvo 
other daughters, lead -214 and bismuth- 214 . To be an effective gamma 
emitter, a radium source must be sealed for approximately 30 days to allow 
its daughter products to reach equilibrium with the radium. Unfortunately, 
internal pressure builds up inside the sealed source. This pressure is 
partly caused by the radon gas (3 .28 3 c 10"3 atmospheres per year for a 
1 mg source), the helium buildup from the alpha decay (1.09 atmospheres 
per year for a 1 mg source), but primarily by the generation of hydrogen 
and oxygen in the dissociation of any water present as a result of in¬ 
adequate drying of the salts before they are sealed in the source. The 
pressure from this dissociation has been estimated to reach several 
hundred atmospheres. Extreme care must be exercised in handling sealed 
radium sources, for there is no way of determining when a source may have 
reached the point of failure. Rough handling and heat sterilization should 
be avoided as they may add sufficient external stress to initiate rupture 
or leakage. Older sources encapsulated in glass or fitted with a friction 
plug without threads are particularly susceptible to failure from internal 
pressure. 

Leaking sources are not only a potentially severe health hazard because 
of the spread of finely divided radium salt if the hermetic seal fails 
completely, but, in addition, the sources will not deliver the expected 
gamma dose because the radon daughter products are not in equilibrium 
with radium. 

The decrease in the cost of radium over the years has also contributed to 
unnecessary exposures. Many users who purchased radium when the price 
was inflated are reluctant to part with the sources at the present low 
price. Therefore, some owners who no longer have a use for radium have 
retained it as a kind of radioactive "white elephant.” Sources have 
been stored in such unlikely places as safe deposit boxes. 

The characteristics of radium just described merely suggest its potential 
hazards. In order to evaluate public health aspects, it is necessary to 
know the frequency and extent of the uses of radium. 

7 , Calibration of a Leak Test Procedure for Sealed Radium Sources. 

A. Object. 

To correlate survey instrument readings with the amount of radium 

plus daughter's leakage. 
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b. Introduction. 


There are many leak test procedures for sealed radium sources in use 
today. The majority of these test methods collect the daughter 
products of radon for several hours and thiB activity is monitored 
with a suitable instrument. The test procedure determined the instru¬ 
ment that should be used in measuring the amount of radon daughters 
collected. In some of the leak tests, the alpha activity is deter¬ 
mined with an instrument such as the AN/PDR -60 (PAC ISA). Precise 
measurements of the leakage can be obtained by the use of an elabo¬ 
rate laboratory instrument for detecting radon, but field use of 
this instrumentation is not practical. 

c. List of Equipment. 

6 calibrated radium sources with activity of 0.001 uc - 0. 15 uc. 

6 Jars for conducting the test. 

1 alpha survey meter. 

d. Procedure. 

(1) Day 1 - The first step is to prepare the radium sources to be 
used. A stock solution with a concentration of 2 u gram/ml 

is used for the sample preparation. The solution is calibrated 
and the volume needed for each sample determined. A micro¬ 
pipette is then used to remove the liquid from the container 
and place it on a 2-inch planchet. The sample is then dried and 
standardized in an internal proportional counting instrument. 

( 2 ) The radium sources are then placed in the test jar for 24 hours. 

(3) Day 2 - The activity on each jar lid is measured with the alpha 
survey meter at the end of the 24 -hour test period. A reading 
is also made of the alpha check source, if one is available. 

This will allow one to check the operation of the instrument 
prior to each survey. If there is a significant change in the 
reading of the standard source, a correction factor may be 
obtained by dividing the initial reading by the present reading. 
This factor must then be multiplied by the readings taken during 
the survey. A new calibration should be made as soon as possible 
because this correction factor is baeed only on one point. 

( 4 ) The next step is to plot a calibration curve of activity versus 
counts per minute on linear paper. This curve will provide an 
estimate of the radium plus daughter's leakage when a reading 
is obtained with the survey instrument. 
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DATA SHEET 


Source Number 

Calibrated Activity 

Time of Test 

Reading obtained 

1 




2 




3 




4 




5 




6 




Type of Alpha survey 

instrument 



Reading on check source 

Date 

Calibration made by_ 

Location 
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II, Student Performance Objectives and Notes: 

A. Student Performance Objectives, 

1. State radium usage of concern to the radiological safety officer 
and the problems encountered in this usage, 

2. Give the characteristics and hazards associated with radium 
usage to include accident control. 

3. State the reasons for detecting radium and give types of 
leakage test which can be performed to detect radium. 

4. Give the precautions necessary to preclude or reduce the 
significance of radium accidents. 

B. Notes: 
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Notes: 
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Notes: 
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Notes: 
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HI. Handouts. 

Vu-Graphs used in DF080: 

A. ^°Co Advantages. 

1 . No gaseous radioactive daughters. 

2. Metallic form. 

3. Machined to one desired shape. 

4. Less radiotoxic. 

5 . Does not "build up an internal pressure in sealed sources. 

B. Problems Encountered vith Radium. 

1. Storage 

2. Shielding 

3 . Identification and Labeling 

4. Leak Testing Procedures 

5 . Records and Logs 

6 . Radiation Protection 

C. Accident Study I - Percent Occurrence 

94 Medical Cases 

1. Transfer from storage and assembly - 5$ 

2. Transfer to treatment room and application - 3$ 

3 . Patient irradiation - 2£$ 

4. Removal and transfer to storage - 55$ 

5 . Disassembly and transfer to storage - 11$ 
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D. Accident Study 2, Percent Occurrence. 

1. Truck - 80 cases - 5^+$ 

2. Sewerage System - 19 cases - 13$ 

3. Floor - 15 cases - 10$ 
h. Other - 33 cases - 23$ 

E. Reasons for Detecting Radium 

1. If all radon gas escapes - no gamma 

2. Cross contamination 

3. Interference with instrumentation 

4. Leak may not get worst - but will not get better 

F. Types of Leakage 

1. Diffusion 

2. Expulsion of radon 

3. Expulsion of radon daughters 

4. Expulsion of radium 

G. Other Test for Radium 

1. Wipe test or smear test 

2. Alpha instrument survey 

3. Well insert 

4. Radon film badge 

5. Closed system - radon plus daughter retention 

6. Closed system - radon daughters only 

T. Glass Jar 
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H 


Radium Decay I 


GROUP I 


GROUP II 


226. 


218 : 


_ a, 7 

a 1602 yrs 

GROUP III 

RaA a 


Po 3.05 
GROUP IV 


222 „ a 

3.823 da 


ZlhSr® 2l4? aC 2l4 RaC 


Pb 


a 


Bi 19.7 m 


Ro 1.64 x 10 4 s 


RaD g^.7,, 
Pb 21 yrs 


210 


RaE p 


Bi 5.01 d 


210 ! 


RaF a 


Po 138.4 d 


2< G 


I. Radium Considerations. 

GROUP I - Radium - effective half-life - 1602 years 
GROUP II - Radon - effective half-life - 3.823 days 

GROUP III - Primary daughters of radon - effective half-life - 26.8 months. 

GROUP IV - Secondary daughters of radon - effective half life - 21 years. 

J. Precautions. 

1. Accountability 

2. Custodian 

3. Adequate storage 

4. Rigid control 

5. Proper transportation 

6. Proper security 
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K. Preplanning for Accidents. 

1. Where isotope is used 

2. How Isotope is used 

3. Capability of isolating contaminated area 

4. Monitoring equipment capability 

5. Cleaning equipment available 

6 . What help is available 

7. Training 


IV. Problems: None 

V. Solutions: None 


163 




HI ELDING OF X AND GAMMA RAD I AT I 




DF100, SHIELDING OF X AND GAMMA RADIATION 


I. Reference: ST 3~155j paragraph 4.3, 4.6, 4.9, table 4.1; U. S. Army 

Ordnance Center and School Pam 25 (bring to class). 

II. Student Performance Objectives. 

A. Review nature and origin of X-ray and gamma radiation. 

B. Explain production of X-ray and gamma radiation to include 
bremsstrahlung and the energy ratio between X-ray and gamma 
radiation. 

C. Explain, from memory and in general terms, electromagnetic 
energy absorption to include the photoelectric effect, Compton 
effect, and pair production. 

D. Define the factors influencing absorption efficiency. 

E. Define and explain linear attenuation coefficients. 

F. Define and explain mass attenuation coefficients. 

G. Define half-thickness concept and its relation to the basic 
shielding equation. 

H. Given Pam 25 as a reference, the radioactive material to be used, 
and the type of shielding material, determine half-thickness. 
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Note s: 
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Notes: 


III. Handouts: 


None 
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IV. Problems - Shielding of X and Gamma. Radiation. 


Class and Home Study Problems. 

1. Complete the following table: 


2 . 


GAMMA. ENERGY 


(Mev) 

SHIELD 

a. 3.6 

Lead 

b. 0.032 

Sandstone 

c. 0.640 

Tin 

Complete the following 

table: 

GAMMA ENERGY 
(Mev) 

SHIELD 

a. 1.48 

Iron 

b. 1.13 

Copper 

c. 0.855 

Aluminum 


p/p (cm 2 /gm) 


(SiO^) 


p/p (cm ? /gm) p (cm 


3 . A certain X-ray machine produces energy so that the total mass 
attenuation coefficient is 0.225 cm^/gm in copper. 

a. What is the linear attenuation coefficient? 


b. What is the half-thickness of the copper to this X-ray? 
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4. 


a. 


What is the half-thickness of uranium for gamma radiation 
of 1.49 Mev ? 


b. What is the half-thickness of lead for gamma radiation of 
1.22 Mev? 


c. What is the half-thickness of concrete for X-ray radiation 
of O.O38 Mev (for density use worst case involving siliceous 

concrete) ? 
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5. Find the half-thickness values for carbon and air when subjected 

to the gamma radiation for each of the following isotopes. (Density 
of air 0.0013 gm/cm3 and density of carbon 2.25 gm/cm3.) 
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6. What is the half-thickness of copper for gamma radiation from 

1] -3sn? 
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7. a. 


What is the half-thickness of aluminum for the gamma radia¬ 
tion from 


b. What would be the half-thickness of copper in part a? 
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• LiX 

8 . The basic shielding equation is R = R q . If 
of 12 cm is used and (ox is equal to 7.2, what is 


a thickness 
the value of 
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V. 


Solutions to Problems. 


1 . 


2 . 


3. 



GAMMA ENERGY 
(Mev) 

SHIELD 

p/p (cm^ 

/gm) 

a. 

3-6 

Lead 

0.0417 


b. 

0.032 

Sandstone 

(Si0 ? ) 0.780 


c. 

o.64o 

Tin 

0.0787 



GAMMA ENERGY 
(Mev) 

SHIELD 

p/p (cm /gm) 

p (cm 

a. 

1.48 

Iron 

0.0493 

0.337 

b. 

1.13 

Copper 

O.O561 

0.502 

c. 

0.855 

Aluminum 

O.O065 

0.179 

a. 

Linear attenuation 

coefficient 

- 2.012. 



p/p x p = p 


0.225 x 8.92 = 2.01150 

b. The half-thickness of the copper is 0.344 cm. 


Xi 


= M93 = M93 = o.344 cm 


2.012 


2 P 

4. a. (l) E = 1.49 

(2) p/p for uranium 138 j Psm 25 j 


1 Mev = 0.0776 

1.5 Mev = 0> 0548 

0.0228 x — = 0.0223 
50 

0.0776 
0 .0223 

0.0553 = p/p for 1.49 Mev 
(3) P for uranium = 18.68 gm/cirr 


(4) 


p = 
p = 
p = 


p/p X p 

0.0553 x 18.68 

1.033 
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0.671 cm 


(5) Xi 
2 


0.693 _ 0.693 
n " 1-033 


b. (l) E = 1.22 

(2) p/p for uranium (page 138) 

1 Mev 
1.5 Mev 

• 5 


= 0.0708 
= 0.0517 

0.0191 x — = 0.0084 


1.22 

- 1.00 

0.22 


0.22 

0.50 


11 

25 


0.0708 
- 0.0084 

0.0624 = (i/p for 1.22 Mev absorbed in Pb. 
(3) P for lead = 11.35 
(U) |i = (i/p x p 

|i = 0.0624 x 11.35 = 0.708 


(5) Xi 

2 


0.693 = 0-693 
p 0.708 


Xi = 0.979 cm 
2 

c. (l) E = 38 Kev 



1.190 

0.605 

0.585 x 


1.190 

0.468 

0.722 = p/p for concrete at 38 Kev. 

O 

(3) P for concrete 2.25 gm/cnr 
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d. )i 


li/p x p 


li = 0.132 x 8.94 

|i = 1.18 

= 0.693 = 0.693 


.X 

r\j|M 

II 

.587 

cm 

(1) 

E = 

0.035 

(2) 

p/p 

30 Kev = 1.120 

40 Kev = O .567 

10 0.553 xj 


p/p = 

= 0.843 

(3) 

p = 

2.699 o r 2.7 gm/cm^ 

(4) 

p = 

li/p x p = 2.28 

(5) 

Xi = 

2 

0.693 _ 0.693 

p 2.28 


Xi = 

2 

0 . 304 cm 

(1) 

E = 

0.035 

(2) 

p/p 

30 Kev = 10.90 

40 Kev = 4.89 

10 6.01 x \ 


p/p : 

= 7.895 

(3) 

P = 

8.94 gm/cm^ 

(4) 

P = 

p/p x p = 7.895 


P = 

70.58 

(5) 

Xi = 

2 

0.693 0.693 

P 70T55 


Xi = 

O.OO 98 .I cm 


2 


0.277 


3.005 


1.120 

0.277 

0.843 


10.90 

3.005 

7.895 
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8. 


7.2 


= 12 cm 


|i (12 cm) = 7.2 


12 cm 


= 0.6 
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BASICS OF RADIATION DETECTION 





DF110, BASICS OF RADIATION DETECTION 


I. Reference: ST 3-155> paragraph 3-4, 4.1-4.3, 4.5-4.8, ch 6. 
II. Lesson Objectives and Notes: 

A. Five principles of radiation detection. 

B. Application of these principles to Radiac instruments. 
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Notes: 
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COMPUTATIONAL PROCEDURES 
IN PHYSICAL SCIENCES 


DF130 





Notes: 


III. Handouts: 
IV. Problems: 
V. Solutions: 


DF110 Nomenclature Interpretation. 

None. 

None. 
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RADIACMETER NOMENCLATURE INTERPRETATION 


1 . 

Letters "before 

/ 

AN 

Army Navy Set 

2. 

First Letter after 

/ 

M 

Mobile 




P 

Portable or Pack 




T 

Ground Transportable 




U 

General Utility (Airborne, 
Shipboard, Ground) 

3. 

Second Letter after 

/ 

D 

Radiac 




F 

Photographic 

4. 

Third Letter after 

/ 

H 

Recording 




M 

Maintenance and Testing 

5- 

Letter after 

- 

T 

Training 

6. 

Number after 

- 


Model number 

7. 

Letter after number 



Modification (First, Second 
etc) 


COMPONENT 

INDICATORS 



1 . 

Letter CY 

Cases 




IM 

Intensity Measuring Device 


MX 

Miscellaneous 




PP 

Power Supply 




TS 

Test Equipment 
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DF130, COMPUTATIONAL PROCEDURES IN PHYSICAL SCIENCES 


I. Reference: None 

II. Lesson Plan Outline: None 

III. Handouts: None 

IV. Problems: Class and Home Study Problems 
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1 . 


For the following elements, 
present? 

60 , 


a. 


27 


Co 


how many protons and neutrons are 


Protons 

Neutrons 


b. 


238 

92 


U 


Protons 

Neutrons 


c. 


208 

82 


Pb 


Protons 

Neutrons 


2. For elements listed in problem 1, how many electrons must be 
present for the atom to be electrically neutral? 


a. 

b. 


c. 


3 . Calculate the (Q) value for the following reaction 


l4_ 


h 


a 


17 t 


Q 
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4. For shielding purposes what gamma energy should be considered for 


a. 


71 

33 


As? 


b. 


130 ^ 

53 


c. 


129 

52 


Te? 


d. 


Ill 

47 


Ag? 
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5. If 180 ergs of energy were absorbed in 9 gms of tissue, what amount 
of radiation was present to cause this damage? 


6. What is the mass attenuation coefficient of a 

a. 1 Mev 7 in copper? 

b. 2 Mev 7 in iron? 


c. 1.5 Mev 7 in aluminum? 


7. What are the linear attenuation coefficients for each of the conditions 
in problem 6? 
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8 . What is the half-thickness of each of the materials listed in 
problem 6? 


9. If a sample of radioactive material decays at a rate of 7-2 x 10' 
disintegrations per second, how many curies does this represent? 
How many microcuries? 


10. If doses of the following radiations are received, what is the total 
biological damage? 

3 rad of beta 

4 roentgen of gamma 
0.5 rad of fast neutron 
0.25 rad of slow neutron 
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11. What are the half-lives of the following? 


a. 


b. 


c. 


d. 


54 

27 

119 

51 

245 

94 

l8l. 

74 


Co 


Sb 


Pu 


W 


12. What is the penetration of a 5 Mev beta particle in silver? 


13. A man works 5 meters from a radioactive source which has a source 
strength of 2.5 rhm, for 45 minutes. What dose should he receive? 
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l4. 

6 7 

A radioactive sample of Cu, having a dose rate of 980 mrad/hr at 

1 meter, has just arrived. When will the dose rate of this sample 
be down to 320 mrad/hr at 1 meter? 

15. 

a. What 

are the daughter products when the following nuclides decay? 


(1) 

68 

29 C 


(2) 

18 „ 

F 

9 


(3) 

221 . 

89 ° 


(4) 

l65 Er 

68 ^ r 
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b. Balance the following reactions. 
(1) Li (d,n) ^Be 


(2) 33 S (n, ?) 33 P 
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16. 


If 6 esu of charge was generated by radiation in a volume of 24 cc 
of air, what exposure dose of radiation was present? 
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17* You as Radiological Safety Officer have been asked to check a 

184 

package to ship 1 Ci of Re which has a source strength of O. 5 O 9 

rhm. To ship this package, the reading at the surface must not 
exceed 200 mrad/hr and at one meter from surface must not exceed 
10 mrad/hr. How much lead would be required to ship this package 
if the package is 1 meter to a side? 
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18. a. What thickness of beryllium would be required to stop the beta 

particles from a 59*8 rhm source of 7 Zr in equilibrium with 

95 

its daughter product Nb? 


b. What is the unshielded dose rate 30 cm from the source? 
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19* a. It takes a medical technologist 3 minutes to prepare a 1.5 rhm 
radioisotope for injection in a patient. During the prepara¬ 
tion time the technologist is 1 meter from the source with 
no shielding. What dose does he receive? 


b. The technologist also must take the prepared injection to the 
pat lent r s room. It takes him 5 minutes to transport the in¬ 
jection during which time the source is 2 meters away from 
him. What dose does he receive during this operation? 
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The radioactivity of a nuclide decreased by 40# in U 5 minutes. 
What is this nuclide's half-life? 


How long will it take for 75# of the activity to be dissipated? 



Solutions 


1 . 


2 . 


A 

In the A-Z notation " X", Z = number of protons, and number of 

Li 

neutrons = A-Z. 

6o, 


a. 


b. 


Co 


27 


238 

92 l 


Protons: 27 

Neutrons: 60-27 = 33 

Protons: £2 

Neutrons: 238 - 92 = 146 

Protons: 82 

Neutrons: 208 - 82 = 126 


For an atom to be electrically neutral, it must have as many electrons 
as protons; therefore, 


208 

82 


Pb 


a. 

27 

b. 

92 

c. 

82 
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3. 


Q 






+ 


Obtain mass from page 31 , Pam 25. 



14.003074 amu 


1 


n 


o 


I.OO8665 amu 


^ 4 Tr 4.002603 amu 

2 He ' 18.005677 amu 


17™ 17.002096 amu 

9 “ 18.010761 amu 


*N0TE: The mass of ^He is used rather than the mass of ^o: to make the 
electron masses balance across the equation. 


Determine Mass Defect. 

18.010761 

-I8.OO5677 

0.005084 amu 

0.005084 amu x 931*48 Mev/amu = 4.73564 4 Mev. Since the mass of 
the product is greater than the mass of the reactants the reaction 
required energy to be added to make the reaction proceed. As the 
original equation was written this energy term is then negative. 

4. a. As has the following gammas (page 256, Pam 25): 

E 1 = 0.5H Mev 

E^ = 0.175 Mev 

Use the most energetic gamma or_0.51^Mev. 

130 

b. I has the following gammas (page 298, Pam 25): 


E 1 ■ 

0.419 

Mev 

E 2 " 

0.538 

Mev 

E 3 ’ 

O.669 

Mev 

E 4 = 

0.743 

Mev 

= 

1.15 Mev 


Use the most energetic gamma or 1. 15 M ev. 
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5. 


6 . 


7. 


129 

c. y Te has the following gammas (page 296, Pam 25): 

E = 1.08 Mev (1.5$) 

E 2 = 0.81 Mev (0. yjo) 

E 3 = 0.455 Mev (15$) 

E^ = 0.027 Mev (19$) 

E = 0.275 Mev (1-7%) 

Use the most energetic gamma ■which occurs 3$ or greater 

d. ^'■''^Ag has the following gammas (page 282, Pam 25): 

E 1 = 0.342 Mev 

E 2 = 0.247 Mev 

Use the most energetic gamma or 0,342 Mev . 

n , 100 ergs 

1 rad = - 2 — 


gm 


180 ergs _ 20 ergs 

9 grams gm 


20 ergs/gm 
100 ergs/gm/rad 


0.2 rad 



O.O 589 cm 2 /gm (page 138 , Pam 25) 

0.0425 cm^/gm (page 138 , Pam 25) 

0.050 cm^/gm (page 137 } Pam 25) 

O 

8.9^ gm/cnr for copper (page 65 , Pam 25 ) 
^ x p = (O.O 589 )(8.94) = 0.527 cm " 1 


0.455 Mev. 


b. p 

Ii 

c. P 

d 


O 

7.86 gm/cnr for iron (page 65 , Pam 25 ) 

~ x P = (0.0425)( 7 . 86 ) = 0.334 cm -1 

O 

2.699 gm/cnr for aluminum (page 65 , Pam 25 ) 
^ x p = (0.050)(2.699) = 0.1350 cm -1 
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8 . 


9- 


0.693 

1/2 pl 


a. 

V = 

0.693 

0.527 

= 1.31 cm for copper 

b. 

V ■ 

0.693 

o 3 F 

= 2.07 cm for iron 

c. 

V = 

0.693 

0.1350 

= ^.13 era for aluminum 

a. 

1 curie 

- 3.7 

10 , 

x 10 dis/sec 


7.2 x 10 

10 

1.95 curies 


3.7 x 10 

To 

b. 

1 curie 

= 10 6 

M-Ci 


1.95 x 10 6 pLCi 

10. 3 rad of beta x RBE of 1 

b r of gamma x RBE of 1 
0.4 rad of 1 fast neutron x RBE of 10 
0.25 rad of slow neutron x RBE of 5 

TOTAL DOSE 


= 3 rem 

= b rem 
= 5 rem 

= 1.25 rem 

= 13.25 rem 


11 . 


12 . 


a. 


b. 


c. 


d. 


R 

P 

X 


0.194 sec (page 249, Pam 25 ) 

38.O hours (page 291, Pam 25) 
10.1 hours (page 373, Pam 25) 
l4o days (page 336, Pam 25) 

= 2550 mg/cm (page 123, Pam 25 ) 

O 

= 10.50 gm/crn (page 65 , Pam 25 ) 

2 

R 2550 mg/cm = 0 ^b3 

p 10,500 mg/cm 3 


cm 
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13- R 


* = 0.1 rad/hr 

(5) 2 


„ _ rad ] l£r 1 hour 

0.1 —— x 45 min x ~ 7 ~r \—:— 
hr 60 min 


D = 0.075 rad or 75 mrad 

- 980 mrad/hr 

3 = 320 mrad/hr 

t_i = 58.5 hrs (page 252, Pam 25) 


= -2 = 280 
n ->0 A 


= 1.7 (2 Table) 


= ntj^ 

2 

= (1.7)(58.5) 

= 99*5 hours % 4 days, ?>2 hours 

( 1 ) "* _i e + 3Q Zn + Q (Deca y s p Pam 25 ) 

68 

or from page 74, Pam 25, you can read, directly ^Q^n • 
l8 + 

(2) n F decays by (3 97^ of the time and EC 3 % of the time 

y 

(page 235 , Pam 25 ) 

^ - + I e + "s 0 + « 


18 tt + 0 

F + G 

9 -l e 


3 0 + Q 


Or from page 72, Pam 25 , you can read directly q0. 
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!;Ac decays by ci (page 3^5, Pam 25) 


4 217 

2 He + 8^ r + Q 


217 

Or from page 83, Pam 25, you can read directly g^Fr. 

^gEr decays by EC (page 326, Pam 25) 
l65„ . o 165 tt . ^ ^ 


165 ^ , o 

68 Er + -l e 


;hc + q 


165 

Or from page 8 l, Pam 25, you can read directly ^^Ho, 


(1) 

3 M 

+ 

i d - 

4 ♦ 

0 

7 

'Be + 

Q 

(2) 

33 q 

16 s 

+ 


1 P + 
l p 

33 P + 
15 

Q 

(3) 

62 

28 Nl 

+ 

1 

n -» 

0 

> + 28 Ni 

+ Q 

(4) 

8l Br 

35 

+ 

1 

n -*■ 
0 

2 He 

+ 78 

33 

+ Q 

= 1 

esu/ 

CC 1 

of air 





0.25 

esu lr 


0.25 r 




cc 

11 esu/ 

1 cc 




24 cc cc |1 es 

GIVEN: S = 0.509 rhm 

FIND R at surface 

d = .5 meters 

p = s_ 

4o p 
d 

„ 0.509 


R 0 = 2.036 rad/hr at surface 

R = 2036 mrad/hr 
o 

R = 200 mrad/hr 

(i/p for .905 Mev gamma in lead 
= 0.0797 cm 2 /gm 


(i = u/p X P = 0.0T97 X 11.35 = 0.905 cm' 

y - q » 6 ?3 n = — 

X i ■ n XjL 
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Beta energies and %'s for '^Zr: (page 393, Pam 25) 
0.89 Mev (2%) 


0. 396 Mev (49%) 

0. 360 Mev (49%) 

Beta energies for (page 393, Pam 25) 

0. 1597 (~100%) 

Beta energy (max) = 0.396 Mev 
R = 113 mg/cm 2 

p = 1.80 gm/cm^ x 1000 mgm/gm = 1800 mg/cm 2 

R 113 , lrk "2 

x = - = 1800 = hgg-. x - - 1 . 0 - 


b. Source strength: 


GIVEN: S = 59.8 rhm 


= = 59 : 8 = 665 rad/hr 

d 2 (0.3)2 ===== 


*- 5 rhm _ h5 rad / h] 

( 1 ) 

R x T 

1.5 rad/hr x 

60 

4^ = 0.075 rad 


75 mrad 
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1.5 

4 


0.375 rad/hr 


b. R q = S/d 2 


R, 


1.5 rhm 
-Z- 

(2 r 


D = R x T 

5 

D = 0.375 rad/hr x 7 —— 


D = 0.03125 rad 
D = 31.25 mrad 


20. a. R 0 = Ro 

r = R 0 - 0.4 R 0 = 0.6 R© 

t = 45 min 


H 


? 


2 ° 


R 

o 

R 


0.6 Rq 


-i- * 1.667 

o76 


n = 0.7 

t 45 min 
’ n OT 


6Uj3_mlnute8 


to. R q = R 0 

r = R 0 - 0.75 H 0 ■ °* 2 5 Ho 

t = ? 

ti = 64.3 min 

5 

Rq _ Ro _ = _1_ = 4 

Z ” H 0.25 R© °* 2 5 


t = nti = (2)(64.3 min) = 


minutes 
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RAD I AC INSTRUMENTS 


DF140 






I. Lesson Objectives and Notes: 

A. Discussion of purpose of radiation dosimetry, types of dosimeters, 
theory, maintenance and calculations for ion chamber dosimeters. 

B. Charging procedures for ion chamber dosimeters. 

C. Theory, operation, functioning and employment of ion chamber, 
area radiological survey meters. 

D. The operation, use and maintenance of the AN/PDR-2T(j) Radiac 
Set. 


203 



1# Film badge dosimeter 

a. Principle of detection 

b. Composition 

c. Film badge service 

2. Standard Ionization Chamber Dosimeters 
a. Principle of operation 


General characteristics 


Range 

Use 

Basis of issue 
Leakage rate 
Accuracy 

Radiation detected 
Measures 


2/Platoon 
12 Rad/24 hr 
+ 1 (# 

Residual 
gamma 
Total dose 


3XL47/FD 

l/lndividual 
1 Rad/24 hr 
+ 10 # 
Residual 
gamma 
Total dose 



l/lndividual 
4 Mrad/24 hr 
^ 10 * 
Residual 
gamma 
Total dose 


c. Cperator maintenance 

(1) Cleaning 

(2) Decontaminating 

{3) Maintaining charge 


(4) Checking leakage rate 
3. Radiac Detector Charger, PP1578A/PD 
a. Use 


204 



b. Components 


c. Charging procedure 

d, Maintenance 

(1) Cleaning 

(2) Testing 

4. Correction Factor 

Qp _ Actual dose _ 

Scale reading 

5. Ionization chamber dose rate instruments 
a. Principle of operation 


b. Radiacmeter, IM-174/PD 

(1) Characteristics 

(a) Use 

(b) Measures 

(c) Status 

(d) Battery life 

(e) Accuracy 

(2) Operating controls 

(a) Zero control 

(b) Check switch 

1. Zero 

2. Check 
Read 

Elec cal 
Linearity 
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(3) Operating procedure 


(4) Maintenance 


Radiacmeter, IM-174A/FD 

(1) Characteristics 

(a) Use 

(b) Measures 

(c) Status 

(d) Battery life 

(e) Accuracy 

(2) Operating controls 

(a) Off-set control 

(b) Check switch 

(3) Operating procedure 

(A) Maintenance 



6. Geiger-Mueller instruments 


a. Principle of operation 


b. Eadiac Set, AN/FDR^27( ) 

(l) Components 


(2) Radiacmeter, IM-141 

(a) Use 

(b) Measures 

(c) Detects 

(d) Range 

(e) Battery life 

(f) Status 

(3) Employment 

(4) Maintenance 


(5) Circuit check 
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7. Practice problems. 


1. A soldier has no dosimeter charger, but enters a contaminated 
area with a dosimeter which read 35 rad when issued to him. 
What dosage did he receive if his dosimeter (correction factor 
1.05) read 90 rad when he left the contaminated area? 

ANSWER 


2. What would be the dose recorded on an IM-93 dosimeter if it 
were charged to zero and then exposed for 2h minutes at a 
distance of 50 centimeters from a 180 rhm source? Correction 
factor - 1.00. 

ANSWER 


3. A dosimeter has a correction factor of 0.90. If the dosimeter 
indicates a dose of 85 rad, what is the actual dose absorbed? 

ANSWER 
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4. A dosimeter indicates 110 mrad when it is known that the 
actual absorbed dose is 120 mrad. 

a. What is the correction factor for this dosimeter? 
ANSWER 


b. The accuracy should be 10^. Should the dosimeter be 
turned in for disposal? 

ANSWER 


5. A dosimeter (correction factor 1.2) when placed 1 meter 

from an unknown source for 24 minutes reads 83 mrad. What 
is the strength of the source in rarhm? 

ANSWER 
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8. Solutions to practice problems. 


1. a. Total Dose (RR) 


Final Heading - Initial Reading 
90 rad - 35 rad 
55 rad on dosimeter. 


b. D = CF x SR 


D = 1.05 x 55 


D 

D 


D - 57.75 rad 

S 

— 2 x T 


l 80 rhm 

(0.5 m ) 2 



288 rad 


or, using R 


and D 


R x T 


R 


180 rhm 
(0.5 m f 


720 rad/hr 


D 


= 720 rad/hr 


24 

x 5o hr 


288 rad 


3. D - CF x SR 


4. 


D 


a. 


b. 


0.90 

OF - 


CF ^ 


D - SR 

10 

120 


x 85 rad = 76.5 rad 

D_ 

SR 

12 Q mrad 

110 mrad “ ~-?,2 

= 10 inrad 

0.08 or P>i ; NO 


210 



5. SR x CF - D 
83 mrad x 1.2 


99•6 mrad 


S 

S 



d 


2 


99*6 mrad x 


60 

25 


hr 


x 


(1 m ) 2 


S - 249 mrhm 


or, using R = ^ and S = R x d 2 f 

60 

R = 99.6 mrad x hr 
R = 249 mrad/hr 

2 

S * 249 mrad/hr x (1 m) 

S = 249 mrhm 
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STUDENT NO 


CLASS_ 

DATE_ 

INSTRUCTOR 

SCORE 


LABORATORY EXERCISE GEIGER-MUELLER INSTRUMENTS 
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II* Laboratory Exercise. 


A. The class will be divided into groups of two. In each group one 
man will take the readings and the other will record data. The 
members of each group will change duties during the exercise in 
order that each person will have a chance to monitor with the 
instrument. 

B. In the laboratory there are pieces of contaminated equipment in 
plastic bags. Each bag is lettered. The item in each bag MAY 
be contaminated with beta, or beta and gamma emitters. 

C. Each group will monitor the bags to determine which equipment is 
contaminated; and if contaminated, determine the kind of radiation 

being emitted. Indicate your answer by placing a check (>/) in 

the proper column of the data sheet. 

D. Safety regulations. 

1. Handle the plastic bags only by the edges. 

2. Inform the instructor if you find a rip or tear in any of 
the plastic bags. 

3. After completing the exercise, the instrument man in each 
group will monitor the hands and the soles of the shoes of 
the other man in his group. He will then turn the instru¬ 
ment over to the man who will monitor him in the same manner. 
If ANY readings higher than the background are obtained, 
immediately inform the instructor. 
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Questions. 

Circle 

the letter(s) corresponding to the correct answer(s). 

1. 

The radiacmeter IM-l4l of the AN/PDR-27(J) radiac set 
measures gamma radiation on four scales. They are 


A. 

0-^ mrad/hr. 


B. 

0-10 mrad/hr. 


C. 

0-100 mrad/hr. 


D. 

0-5 mrad/hr. 


E. 

0-50 mrad/hr. 


F. 

0-40 mrad/hr. 


G. 

0-0.5 rad/hr. 

2. 

What types of radiation are detected or measured by the 

IM-141 radiacmeter of the AN/PDR-27(<J) radiac set? 


A. 

Alpha 


B. 

Beta 


C. 

Ultraviolet 


D. 

Gamma 


E. 

Neutrons 

3. 

You are monitoring a pistol belt in a 0.1 mrad/hr background 
area. With the probe shield open you read b mrad/hr, with 
it closed you read 0.1 mrad/hr. You conclude that the pistol 
belt is 


A. 

contaminated with beta and gamma emitters. 


B. 

contaminated with beta emitters only. 


C. 

contaminated with gamma emitters only. 


D. 

probably not contaminated. 
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4. The main reason a GM radiacmeter of the AN/PDR-27(J) radiac 
set is more sensitive than the IM-174/PD IC meter is that — 

A. it uses electrical collection of ions principle 

B. it has better construction 

C. it makes use of gas amplification 

D. it has thinner detector tubes 

E. it detects beta radiation 

5. You are monitoring a helmet in a 0.1 mrad/hr background area. 
With the shield on the probe open the outside reads 4.5 mrad/h 
and the inside reads 3 mrad/hr; with the shield closed the out 
side and inside read 3 mrad/hr. From this you conclude that 
the outside is -- 

A. contaminated with beta and gamma emitters 

B. contaminated with beta emitters only 

C. contaminated with alpha emitters only 

D. probably not contaminated 

6. You are monitoring a pistol belt in the same area. With 
probe shield open you read 3 mrad/hr, with it closed you 
read 1 mrad/hr. You conclude that the pistol belt is -- 

A. contaminated with beta and gamma emitters 

B. contaminated with beta emitters only 

C. contaminated with gamma emitters only 

D. probably not contaminated 


216 



You are performing a battery check of the IM-l4l radiacmeter 
of the M/PDR-27(j) radiac set. The meter needle stops to 
the left of the BATT mark on the dial. You should replace — 

A. two batteries 

B. one battery 

C. three batteries 

D. all the batteries 

E. four batteries 

The IM-1^1 radiacmeter of the AW/PDR-27(J) radiac set is — 

A. an Army standard "A" personnel and equipment survey 
radiacmeter 

B. the Army standard "B" personnel and equipment survey 
radiacmeter 

C. the Army standard "B" area survey radiacmeter 

D. the Army standard area survey radiacmeter 

When using the IM-l4l radiacmeter of the AN/PDR-27(J) radiac 
set on the 5 mrad/hr scale, the probe should be — 

A. slanted to the surface but not touching the area being 
monitored 

B. located in its carrying well at the rear of the AN/PDR- 

27(J) 

C. touching and perpendicular to the surface being monitored 

D. perpendicular to, but not touching the surface being 
monitored 
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DF170 - STANDARDS FOR PROTECTION 


I. Reference: Title 10, Part 19 and 20, Code of Federal Regulations, 
paragraph 19.1-19.31, 20.1-20.5, 20.101-20.207, 20.401-20.601, 

Appendix B and C (see Appendix I, Radiological Safety Handbook). 

II. Student Performance Objectives: 

A. Definition of terms. Give a brief explanation of the following terms: 

1. Byproduct material. 

2. Special nuclear material. 

3. Source material. 

4. Ionizing radiation. 

5* Occupational exposure to ionizing radiation. 

6. Radiological protection officer. 

7. Restricted area. 

8. Unrestricted area. 

9. Dose. 

10. Rad. 

11. Rem. 

12. RBE. 

B. Dose limits and dose recording regulations: 

1. Give a brief explanation of each of the following areas- 

a. Dosage to minors. 

b. Quarterly reporting. 

c. Occupational dose. 

d. Use of equation 5(n-l8). 

e. Calculation of working overall dosage. 

f. Permissible level, if an unused backlog is available (3rem/quarter). 

g. No records maintained level and why. 


218 



h. Army's record maintenance. 

i. Emergency dosage. 

j. Medical diagnosis and therapy. 

2. Forms used; 

a. NRC Form 4. 

b. NRC Form 5. 

c. DD Form ll4l. 

3. Importance of particle size and appendix B of 10 CFR 20: 

a. General population restriction. 

b. Radiation workers occupation of area. 

c. Exceeding the acceptable limits for any type of worker. 

4. Dose limitations at edge of restricted area from sealed sources. 

C. Explain the following areas of a radiation safety program: 

1. Surveys. 

2. Personnel monitoring. 

3. Caution signs. 

4. Labels. 

5. Signals. 

6. Instruction to personnel. 

7- Posting of notices to employees. 

8. Proper storage. 

9. Proper waste disposal. 

D. Explain the dose rate requirement required for radiation and high 
radiation areas: 
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E. Define the use of the following signs: 

1 . Radiation area. 

2. High radiation area. 

3 . Airborne radioactive area. 
b. Radioactive materials. 

F. Give each of the following items required: 

1. Instructions to personnel using radiation areas (5 items). 

2. Posting of notices to employees (b items). 

3. Reports to employees (present employees and former employees). 
b. NRC reporting requirements (3 types of reports). 

5. Responsibility for radioactive materials at the installation level. 

6. Records, reports, and notifications in a safety program. 
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Notes 



Notes: 
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Notes! 
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Notes: 
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Notes: 
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Notes: 
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III. Handouts. Vu-Graphs used in DF170. 


A. Code of Federal regulations. 


TITLE 10 
Part 19 

Part 20 
Part 30 


Part 40 
Part 70 


Atomic Energy- 

Notices, Instructions and Reports to Workers; 
Inspections 

Standards for Protection Against Radiation 
Licensing of Byproduct Material 
General License 
Specific License 

Control of Source Material 
Control of Special Nuclear Material 


B. Byproduct Material. Any nuclear material (except special) 

yielded by exposure to the process of producing or utilizing special 
material - reactor byproducts (either fission products or material 
produced by induced reactions). 


C. Special Nuclear Material. 


1. Plutonium, Uranium-233, uranium enriched in isotopes 233 
or 235, or any other material determined by NRC. 

2. Any material artificially enriched by 1. above. 

3. Does not include source material. 


D. Source Material. Any material except special nuclear material 
which contains by weight 1/20 of 1% (0.05%) or more of uranium, 
thorium, or any combination thereof. 


E. Terms From AR 40-14. 

1. Ionizing radiation. Electromagnetic or particulate radiation, 
which may cause ionization within the cells or tissue of the 
body. For the purpose of this regulation, alpha and beta 
particles, gamma rays, X-rays, and neutrons are examples 
of types of ionizing radiation. 


227 



2 . 


Occupational exposure to ionizing radiation. An exposure 
incurred as a result of an individual's employment or duties. 
Occupational exposure shall not be deemed to include the 
exposure of an individual to sources of ionizing radiation 
for the purpose of medical or dental diagnosis or therapy. 

3. User. The activity, section, division, or other organizational 
unit which has been assigned responsibility for the use, 
operation, or storage of radiation sources. 

F. Radiation Sources. Material, equipment, or devices which 
generate or are capable of generating ionizing radiation including: 

1. Natural-occurring radioactive materials. 

2. Byproduct materials. 

3. Source materials. 

4. Special nuclear materials. 

5. Fission products. 

6. Materials containing induced or deposited radioactivity. 

7. Nuclear reactors. 

8. Radiographic and fluoroscopic equipment. 

9. Particle generators and accelerators. 

10. Radiofrequency generators such as certain klystrons and 
magnetrons which produce X-rays. 

G. Radiation Protection Officer. An individual designated by the 
commander to provide consultation and advice on the degree of 
hazards associated with ionizing radiation and the effectivenesss 
of measures to control these hazards. This individual shall be 
technically qualified by virtue of education, military training, 
and/or professional experience to assure a capability commensurate 
with the assignment. 
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H. Definition of terms on areas. 


1. Restricted area. Any area that the access to is controlled by 
the licensee for protection against radiation. Shall not include 
residential quarters. Separate room or rooms in residential 
quarters may be set apart as a restricted area. 

2. Unrestricted area. Any area that the access to is not 
controlled by licensee, and any area used for residential 
quarters. 

3. A room or series of rooms in a house may be restricted but 
not the whole house. 

I. Dose. 

1. The quantity of radiation absorbed, per unit of mass by the 
body, or any portion of the body. 

2. Rad. The dose of any ionizing radiation to body tissue in terms 
of the energy absorbed per unit mass of the tissue (100 erg/gm). 

J. Rem. 


1. Dose of any ionizing radiation to body tissues in terms of its 
estimated biological effect relative to a dose of 1 roentgen 
of X-rays. 

2. Equivalent to 1 rem: 

1 roentgen -- gamma or X-ray. 


1 rad-gamma, beta, or X-ray. 

0. 1 rad-neutrons or high energy protons. 

0.05 rad-particles heavier than protons with sufficient 

energy to reach the eyes. 
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K. Maximum permissible dose. 


Records 

Maintained 



No Records Maintained 

Part of Body 
Exposed 

Quarter 

Year 

Occupation 

Dose 


1. Whole body 

3 

12 

5(n-l8) 

1.25 


2. Head 8s trunk 

3. Blood forming 

organs 

1+. Lens of eye 
5. Gonads 


1. Hands and 18.T5 75 18.75 

forearms 

2. Feet and 

ankles 


1. Skin of 

whole body 7*5 30 


7.1 


Minors - 10% of no records maintained. 


L. Airborne radioactive materials. Any material dispersed in the air. 


Gases Natural Formless State 


Particles 

Solid 

Dust Submicroscopic - microscopic 

Fumes Less than 1 micron 

Smoke Less than 0.5 micron 

Liquid 

Fog Submicron droplets 

Mist 0.1 - 25 microns 


Micron = 0.001 mm 
Submicron = less than a micron 
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M. Effects of particles size. 


Micron Retention 

<£ 1 Large percent exhaled 

1-10 Large percent retained 

10-50 Usually trapped in the upper 

respiratory tract 


N. Unrestricted area. 


DOSE RATE 

AT EDGE OF RESTRICTED AREA 


Exposure 

MPE 

Dose 

1 hr 

2 mrad/hr 

2 mrem 

Continuous exposure 



7 consecutive days 

0.59 mrad/hr 

100 mrem 

1 year 

0.059 mrad/hr 

0 .5 rem 


O. Precautionary measures. Precautionary measures that 
are required to be carried out. 

1. Surveys. 

2. Personnel monitoring* 

3. Caution signs. 

4. Labels. 

5. Signals. 

6. ’ Instruction of personnel. 

7. Posting of notices to employees* 

8. Proper storage. 

9. Proper waste disposal. 
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P. Radiation. 


1. Radiation area. Any area in which there exists radiation 

at such levels that a major portion of the body could receive 


a dose in 

1 hour- 5 nirem 

5 consecutive days - 100 mrem 


2. High radiation area. Any area in which there exists radiation 

at such levels that a majpr portion of the body could receive 

a dose in 1 hour — greater than 100 mrem. 

Q. Caution Signs. 

1. Caution - radiation area. 

2. Caution - high radiation area. 

3. Caution - airborne radioactive area. 

4. Caution - radioactive material. 

Quantity 

Kind 

Date of measurement 

Labels or signs are not required if they do not exceed the following: 

a. The concentration in water is not greater than the 

limits specified in annex B, table 1, column 2, 10 CFR20. 

b. For laboratory containers used transiently in the 
laboratory procedures, if the attendant is present. 

c. Room or area with a sealed source if the radiation 
level 1 foot from the surface is less than 5 mrad/hr. 

d. Rooms or areas in hospitals due to presence of 
patients with radioactive material, provided there 
are attendants present to prevent the exposure of 
other individuals in excess of the limits. 

e. Rooms or areas containing material less than 8 hours 
provided — 
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(1) They are constantly attended. 

(2) That precautionary measures are taken to prevent over¬ 
exposure of personnel. 

(3) That the area is subject to licensee‘s control. 

R. Records. Each licensee shall maintain the following: 

1. Form NRC 4 (history). 

2. Form NRC 5 (current exposure). 

3. Results of surveys. 

4. Record of waste disposal. 

a. Sanitary sewage systems. 

b. Burial in soil. 

5. Receipt and transfer of all material. 

S. NRC Reporting. 

Immediate notification 

The Manager of NRC Operations Office for the area will be 
notified by telephone or telegram when 

1. Exposure of any individual to 

25 rems whole body 
150 rems skin of whole body 

375 rems, feet, ankles, hands, and forearms 

2. Loss of one working week of facilities. 

3. Damage to property in excess of $100,000. 

4. Concentrations released that exceed 5,000 times the limits 
specified. 

5. Any loss or theft of licensed material. 
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T. Twenty-four-hour notification. 


1. Exposure of any individual to 

5 rems whole body 
30 rems skin of whole body 
75 rems feet, ankles, hands, forearms 

2. Loss of 1 working day of facilities. 

3. Damage to property in excess of $1,000. 

4. Concentrations released exceeding 500 times the 
limits specified. 

Thirty-day reports. 

Each incident involving licensed material which results 
in excess of any applicable limits set forth in NBC regulations. 

U. Instructions of personnel using radiation areas: 

1. Storage, transfer or use of radioactive materials or of 
radiation in any portion of the area. 

2. Where radiation is and in what amount, 

3. Safety problems and health protection problems associated 
with exposure. 

4. Procedures to minimize exposure. 

5. Purpose and function of protective license. 

6. Applicable provisions of regulations and license covering 
protection of personnel from exposure. 

7. Their responsibility to report promptly any conditions which 
may lead to a violation. 

8. Reports of radiation exposure which employees may request. 

9. Appropriate responses to warnings. 
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IV. Posting of notices to employees. 


1. Copy of Title 10, Parts 19 and 20 CFR. 

2. Copy of license, license conditions, or documents incorporated 
into the license by reference. 

3. Copy of operating procedures. 

4. Notice to Employees, Form NRC 3, shall be conspicuously 
posted in a sufficient number of places in every establish¬ 
ment where employees are employed in activities — to observe 
on their way to or from place of employment. 

5. Any notice of violation involving radiological working 
conditions, proposed imposition of civil penalties, and any 
response. 

6. Licensee may state when these are available if posting is 
impractical. 

7. Any notice of violation must be posted within 2 days of receipt 
and replies by the licensee must be posted within 2 days 
after receipt or after it is sent and remain until corrected or 
for 5 days, whichever is longer. 

W. Reports to Employees. 

1. Former employees. Upon request, a report of exposure to 
radiation, as shown by the licensee's records, is to be 
furnished with 30 days. The report must be written and 
comply with paragraph 19. 13, 10 CFR 19. 

2. Present employees. Upon request, the licensee shall advise 
the employee annually of his exposure to radiation as shown 
in the records. In cases of over exposure, the employees 
will be notified in accordance with paragraph 19. 13 10 CFR 19. 
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FORM NRC-4 
(9-60) 


Form approved. 

Bureau of Budget No 38-R119. 

U. S. NUCLEAR REGULATORY COMMISSION Explratlon Datc: J une 30 > 1961 

OCCUPATIONAL EXTERNAL RADIATION EXPOSURE HISTORY 


See Instructions on the Back 


I. MMtCPMKT—LAST. FIRST. AND MIDDLE 


S. DATE Of tIRTH (MONTH. DAY. YEAR) 


4. ACE IN FULL YEARS (N) 


OCCUPATIONAL EXFOSURE-P 



L PREVIOUS EMPLOYMENTS INVOLVING RADIATION EXPO- I. DATES OF EMPLOYMENT 
SURE—UST NAME AND ADDRESS Of EMPLOYER (FROM—TO) 


L WHOLE BOOY 
(REM) 



11 CALCULATIONS—PERMISSIBLE DOSE 


12. CERTIFICATION: I CERTIFY THAT THE EXPOSURE HISTORY LISTED IN COLUMNS 5.«. ANO 7 IS CORRECT 
AND COMPLETE TO THE BEST OF MY KNOWLEDGE AND BELIEF. 


(A) PERMISSIBLE ACCUMULATED DOSE - 5(N-ll) - . 


(•) TOTAL EXPOSURE TO DATE (FROM ITEM 14) • 


(C) PERMISSIBLE DOSE 

























INSTRUCTIONS FOR PREPARATION OF FORM NRC-4 


This form or a clear and legible record containing all the 
information required on this form must be completed by each 
licensee of the Nuclear Regulatory Commission who, pursuant to 

Section 20.101, proposes to expose an individual to a radia¬ 
tion dose in excess of the amounts specified in Section 
20.101(a) of the regulations in Part 20, “Standards for Pro¬ 
tection Against Radiation,” 10 CFR. The requirement for 
completion of this form is contained in Section 20.102 of that 
regulation. The information contained in this form is used 
for estimating the accumulated occupational dose of the in¬ 
dividual for whom the form is completed. A separate form 
shall be completed for each individual to be exposed to a 
radiation dose in excess of the limits specified in Section 
20.101(a) of the Part 20 regulations. 

Listed below by item are instructions and additional in¬ 
formation directly pertinent to completing this form: 

Identification 

Item 1. Self-explanatory. 

Item 2. Self-explanatory except that, if individual has no 
social security number, the word “none” shall be 
inserted. 

Item 3. Self-explanatory. 

Item 4. Enter the age in full years. This is called “N” 
when used in calculating the Permissible Dose. 
N is equal to the number of years of age of the 
individual on his last birthday. 

Occupational Exposure 

Item 5. List the name and address of each previous em¬ 
ployer and the address of employment. Start 
with the most recent employer and work back. 

Include only those periods of employment since 
the eighteenth birthday involving occupational 
exposure to radiation. For periods of self-employ¬ 
ment, insert the word “self-employed.” 

Item 6. Give the dates of employment. 

Item 7. List periods during which occupational exposure 
to radiation occurred. 

Item 8. List the dose recorded for each period of exposure 
from records of previous occupational exposure of 


the individual as calculated under Section 20.102. 
Dose is to be given in rem. 

“Dose to the whole body” shall be deemed to in¬ 
clude any dose to the whole body, gonads, active 
blood-forming organs, head and trunk, or lens of 
eye. 

Calculated Dose 

Item 9. After each entry in Item 8 indicate in Item 9 
whether dose is obtained from records or calcu¬ 
lated in accordance with Section 20.102. 

Item 10. Self-explanatory. 

Total Accumulated Occupational Dose (Whole Body) 

Item 11. The total for the whole body is obtained by sum¬ 
mation of all values in Item 8. 

Certification 

Item 12. Upon completion of the report, the employee must 
certify that the information in Columns 5, 6, and 7 
is accurate and complete to the best of his knowl¬ 
edge. The date is the date of his signature. 

Calculations 

Item 13. The lifetime accumulated occupational dose for 
each individual and the permissible dose under 
Section 20.101(b) are obtained by carrying out the 
following steps: The value for N should be taken 
from Item 4. Subtract 18 from N and multiply 
the difference by 5 rem. (For example, John 
Smith, age 32; N=32, MPD=5(32-18) = 70 rem.) 
Enter total exposure to date from Item 11. Sub¬ 
tract (b) from (a) and enter the difference under 
(c). The value in (c) represents the dose to the 
whole body to which that individual can be ex¬ 
posed in accordance with Section 20.101(b). This 
value for permissible dose is to be carried forward 
to FormNRC-5, “Current Occupational External 
Radiation Exposure (Whole Body).” 

Item 14. Self-explanatory. 


U S GOVERNMENT PRINTING OFFICE 1960-0-565298 
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FORM NRC-5 
(5-62) 


Form approved. 

Bureau of Budget No. 38-R120.1 


U. S. NUCLEAR REGULATORY COMMISSION 

CURRENT OCCUPATIONAL EXTERNAL RADIATION EXPOSURE 

Set Instructions on tb* Back 

IDENTIFICATION 




3. DATE Of WITH (Month, day, yoor) 


4. NAME Of LICENSEE 




TTTH 


5. DOSE RECORDED FOE (Sptcifyi Wholo body) akin of wholo body) 6. WHOLE SODY DOSE STATUS (rom) 7. METHOD Of MONITORING Film Sods*—FSj Pockot 
or honda and foftorml, foot and ankloa.) Chambor—PC; Calculotiom Calc.) 


S. PERIOO Of EXPOSURE 
(Prom—to) 


DOSE FOR THE PERIOO (rom) 


P. X OR GAMMA I 10. SETA I 11. NEUTRON 13. TOTAL 


13. RUNNING TOTAL FOR 
CALENDAR QUARTER 
(r«m) 



14. PREVIOUS TOTAL (r*m) 15. TOTAL QUARTERLY DOSE 16. TOTAL ACCUMULATED 1 7. PERM. ACC. DOSE 5(N—18) (r#m) 

DOSE (rem) 

dot* rom 


18. UNUSED PART OF PERMISSIBLE AC¬ 
CUMULATED DOSE (rom) 















































DD,K"„1141 


PREVIOUS EDITIONS ARE OBSOLETE. 
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INSTRUCTIONS FOR PREPARATION OF DD FORM 1141 


ITEM 

1. Enter file, service, badge, check, or clock number by which individual is currently identified. 

2. Enter last name, first name, and middle initial. If the combination of last name and first name 
exceeds 19 spaces, enter last name and initials only. 

3. Enter Social Security number. 

4. Enter in not more than 10 spaces, rank, rate, grade, title or position that the individual is 
currently holding. Use standard service abbreviations, e. g., CAPT; MC; HMCS; HM1; SSGT; 
LCPL; etc. Abbreviate civilian occupation titles as necessary; e. g., Radiological Physicist 
to Rad Physic; Radiation Physiologist to Rd Physiol; Electrical Welder to Elec Wldr; etc. 

5. Enter date of birth by day, month, and year, e. g., 21 Sep 1918. 

6. Enter name of activity or unit. 

7 and 8. “Period of Exposure.’’ Enter the day, month, and year, e. g. 1 Oct 62. 

7. Enter the day, month, and year exposure period began. 

8. Enter day, month, and year exposure period ended. 

9 through 12. “Dose This Period.” Enter radiation dose received this period to three decimal 
places, e. g., 02.345 rem. All entries shall be made using five digits including zeros as 
necessary. 

9. Enter skin dose (soft) which includes low energy gamma and x-ray of less than 20 KEV effective 
energy and beta radiation. Total skin dose is the visual addition of columns 9 and 12. 

10. Enter gamma and x-ray dose greater than 20 KEV effective energy in rem. 

11. Enter Neutron dose in rem. 

12. Enter sum of items 10 and 11. 

13. Add item 12 to previous item 13; enter total in item 13. 

14. Enter permissible dose calculated from the age formula 5(N-18) rem, where N equals the 
present age in years. 

15. Recorder certify entries by initialling. 

16. Enter other pertinent information such as known exposure from internally deposited radioactive 
material or from any external radioactive sources. Describe briefly any activity or assignment 
bearings potential for exposure and estimate dose-time relationships, if feasible. If this form 
is used for other than whole body and skin of whole body, specify the use; i. e., hands and 
forearms, feet and ankles, thyroid, etc. When recorded dose is not obtained from film badge 
readings, specify whether estimates were obtained from pocket dosimeters, area or air monitoring, 
bioassay, etc. 


NOTE: 

Thi s record is required on all individuals who are employed by or are members of the Armed Forces and who 
have been or are being occupationally exposed to ionizing radiation. It shall be the responsibility of each 
activity of the Department of Defense having personnel so exposed to initiate and maintain this record in 

accordance with AR 40-14/BVMEDINST 6150.18 series/AFR 161-8/DSAR 4145.24. 

(29 Sept. 1966) 
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LIST OF REFERENCES 


1. Code of Federal Regulations. 

a. Title 10, Part 19, Notices, Instructions and Report of Workers; 
Inspections. 

b. Title 10, Part 20, Standards for Protection Against Radiation. 

c. Title 10, Part 30, Licensing of Byproduct Material. 

2. Technical Bulletins. 

a. NBS Handbook 73, Protection Against Radiation from Sealed 
Gamma Sources. 

b. NBS Handbook 92, Safe Handling of Radioactive Materials. 

c. TB Sig 225, Identification and Handling of Radioactive Signal. 

3. Army Regulations. 

a. AR 40-14, Control and Recording Procedures Occupational 
Exposure to Ionizing Radiation. 

b. AR 55-55, Transportation of Radioactive and Fissile Materials 
Other than Weapons. 

c. AR 755-15, Disposal of Unwanted Radioactive Material. 

4. Training Circulars and Field Manuals. 

a. FM 3-15, Nuclear Accident Contamination Control. 

b. TM 3-261, Handling and Disposal of Unwanted Radioactive Material. 
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,V. Problems. 


1. In dealing with regulations concerning radioactive materials 
three terms are used: Byproduct Materials, Special Nuclear 
Material and Source Material. To what type of material does 
each term refer. 


2. What total amount of radiation could a man 30 years of age 
have accumulated if records have been maintained on his expo 
sure since age 18 ? 
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3. A man 27 years of age comes to you for employment. His work records 
show he has received 41.3 rem of radiation. What total dose may he 
receive in addition to the dose he has accumulated? What amount of 
this total could he receive in the first quarter he works for you? 


4. Upon hiring a new employee you find he has no past history as a radia¬ 
tion worker but he has worked in the vicinity of radiation before. He 
is 21 years old. What dose may he receive during this year? 
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5. Determine whether the areas listed should be restricted or unre¬ 
stricted. All values are for air. 


a. 

210 

Bi 

Sol 

9 x 10~ 10 ^c/ml 

b. 

6o Co 

Sol 

7 x 10" 9 ^ic/ml 

c. 

140 

La 

Sol 

4.2 x 10" 9 ^ic/ml 

d. 

32 p 

Ins 

9 x lO - "* - ^ >ic/ml 

e. 

3h 

Sol 

6 x 10-7 >ic/ml 

f. 

ill. 

Ag 

Sol 

4 x 10” 9 >uc/ml 

g- 

95 z r 

Ins 

8 x 10 9 jic/ml 

h. 

9°, 

Sol 

3 x 10 - ^ jic/ml 

i. 

46 S= 

Ins 

9.0 x 10~ 10 /ic/ml 

j- 

l86 Re 

Ins 

6.0 x 10“9 ^ic/ml 
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6. What forms should be acquired or maintained on radiation work? 


7. What is the maximum permissible dose at the edge of restricted 
areas when the exposure is limited to 

a. 1 hour 


b. 1 year 


c. To constitute a high radiation area the dose which may be 
received in 1 hour must be what amount? 
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8. There are three types of reports required by NRC. The type of the 
report depends upon the severity of the accident or incident. What 
are these reports? 


9. The following isotopes are in air in the indicated concentrations. 
Are the limits for a restricted area exceeded? 


82 Br 

5 X IX)^ yic/^1 

Soluble 

2 ^ 6 Cm 

1 x 10" 12 >ic/ml 

Soluble 

35 S 

9 x 10" 8 ptc/ml 

Soluble 
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l4 

10. In an accident, two millicuries of C, as CO 2 , were released 

in a room 10 x 12 x 3 meters. Assuming that the C0 2 is evenly dis¬ 
tributed in the air space of this room, does the concentration exceed 

the maximum permissible concentration in Title 10, Part 20, App B? 


11 . Given concentration in air of 


^Au 

2 x 10 "^ jic/ml 

Soluble 

122 sb 

4 x 10"9 jac/ml 

Soluble 

Unknown 

4 x lO"^ jic/ml 

Soluble 


Should this area be restricted or unrestricted? 


12. You are monitoring in an unrestricted area for an airborne concentration 
of isotopes. The following data is taken: 

Concentration A 
Concentration B 
Concentration C 
Concentration D 


, 36 C1 

5 X 10 -1< ^ Gl /ml 

Sol 

l4 c 

3 X 10" 8MCl /ml 

Sol 

131 : 

1 X 10" 11,lCl /ml 

Sol 

• 18 F 

4 X lO-^/ml 

Sol 


Is the airborne concentration in this room low enough to be classified 
as an unrestricted area? (General population can move freely with no 
radiation restrictions.) 
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VI. Solutions to Problems. 


1. a. Byproduct Material - Any nuclear material (except special) 

yielded by exposure to the process of producing or utilizing 
special material - reactor byproduct ( either fission pro¬ 
ducts or material produced by induced reactions ). 


b. Special Nuclear Material - Plutonium, Uranium-233> Uranium 
enriched in isotopes ' 5 ~ 5 U or ^35u 5 or any other material 
determined by NRC ( weapons materials) . 


c. Source Material - Any material except special nuclear 

material -which contains by weight l/20 of 1$ (0.05%) or 
more of uranium, thorium, or any combination thereof 
(these are the ores). 


2. The governing factor is 5( n - 18) 
n = 30 years. 

5(30 - 18) 

5(12) 

6o rem of radiation 
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3. Dose received to this date 41.3 

The governing factor is 5(n-l8) n = 27 years 

5(27 - 18) 

5(9) = 45 rem 

45 rem - 4l.3 rem = 3-7 rem 

Since he has 3-7 rem remaining exposure; he could 
receive 3 rem the first quarter (if necessary). 


4. You must assume he has received the maximum dose since he 

vas l8 years old. 

Therefore, he may only receive 5 re m during this year. 


5. a. Restricted. 
t>. Unrestricted. 

c. Unrestricted. 

d. Unrestricted. 

e. Restricted. 

f. Unrestricted. 

g. Restricted. 

h. Restricted. 
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i. Restricted. 

j. Unrestricted. 

6. NRC Form 4 - Personal history 

NRC Form 5 - Current Occupational External Radiation Exposure 

DD Form ll4l (for military) - Record of Exposure to Ionizing 

Radiation 


7. 

a. 

2 mrem 




b. 

0.5 rem 




c. 

Greater than 

100 mrem 


8. 

a. 

Immediately 




b. 

Twenty-four 

hour notification 


c. 

Thirty-day report. 


9. 

CA 

+ CB 

+ Cc 

/ 


MPCa 

MPC b 

MPC c 



5 x 10~ 7 + 1 x 10~ 12 + 9 x 10~ 8 = 1 

1 x 10“ 6 5 x 10“ 12 3 x 10“7 

0.5 +0.2 +0.3 = 1 

Within the limits of a restricted area (barely). 
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SAFE HANDLING AND STORAGE 
OF RADIOACTIVE MATERIAL 





10. a. Volume of room in cnr 


10 6 ml 


10mxl2mx3mx 3 = 3.6 x 10 ml 

m 


3 

2 millicuries = 0.002 curies = 2 x 10 >ic 


therefore 


2 x 10^ jic_ 

.8 


= 5-555 x 10" 6 >ic/ml 


c. 


3.6 x 10 ml 
MPC for in air = 5 x 10“^ jic/ml 


5^55_x 10 jic/m l does not exceed MPC 


u. _V + i*. + A. = 1 

mpc a mpc b MPC c 

2 X iq- 9 + 4 x 10~9 + 4 x lO -1 ^ 

1 x 10“® 6 x 10-9 2 x 10"^ 

0.2 + 0.667 + 0.2 = 1.067 > 1 

.'. This must be a restricted area. (MPC from Footnote 2c at end of 
Appendix B.) 

12 . = 1 

MPC a MPC b MPC C MPC d 


From Table II. Column I - MPCs are taken 

5xlO~~ 1 ~ 0|lC1 /mil + 3xl0~^ lC Vml ^ lxl0~ 1 V lCl 7ml + 4xlO~ 8 ^ Ci /mil 
1x10" ^ C1 /»u 1x10" lxl0" 10jlCl /ml 2xlO -, ^ lCi /mil 

5xl0" 2 + 3xl0 _1 + lxlO" 1 + 2xl0 _1 

0.05 + 0.3 + 0.1 + 0. 2 = 0.65 1 

Therefore, it is unrestricted and the general population can enter. 
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Notes; 
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DF180, SAFE HANDLING AND STORAGE OF RADIOACTIVE MATERIAI 

I. Discussion and References. 


A. Discussion. 

1. The safe handling and storage of radioactive materials 
require special techniques and protective measures. 

The purpose of the techniques and protective measures 
is: 

a. to prevent ingestion, inhalation, and entry by any 
mode of radioisotopes into the body; 

b. to reduce the amounts of external radiation to or 
below the permissible levels; and 

c. to minimize the external and the internal exposures. 

2. In order to control the external exposure we employ a 
sensible and concurrent utilization of four basic tech¬ 
niques of exposure control. 

a. distance 

b. time 

c. shielding 

d. quantity 

3. Two general techniques are employed to control or reduce 
internal exposure. These are: 

a. dilution and dispersion. 

b. containment and concentration. 

In order to employ these techniques, a number of handling 
methods are used. The method of handling becomes more 
complex as the quantity and potential hazard of the radio¬ 
active material increases. These methods are broken into 
four general categories: direct viewing, shielding barrier, 
closed cell, and underwater. 

c. A third method of control could be labeled "Delay and 
Decay." This method would control the material until 
it has decayed beyond limits of considering it radio¬ 
active . 
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4. When storing radioactive materials, the complexity of the 

facility depends upon the quantity and type of materials 
being stored. A number of things which should be consid¬ 
ered are: 

a. marking the storage area. 

b. marking of individual sources. 

c. distribution of radioactive material. 

d. shielding of subdivided amounts. 

e. time required to remove and replace material. 

f. ventilation (if material is gaseous or has gaseous 
daughter products). 

g. dose rate to individuals outside the storage area 
(nonradiation workers in particular). 

h. personnel monitoring devices (dose and dose rate) 
for personnel entering the storage area. 

5. In order to plan for the safe handling and storage of 
radioactive material one must know the source strength 
of the material. To determine the source strength of a 
given amount of material, knowing its activity, one may 
use the expression 

S 7 = O.56 nCE 

where 

S = source strength in rhm 
c = number of curies 

E = the energy of the gamma photon emitted 
by the radioactive material 

n = the fraction of time a gamma photon of 
energy E is emitted 

If more than one energy gamma photon is emitted, the 
contribution of each to the source strength must be 
considered. 

S = 0.56 C EnE 

7 
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B. Some Additional References: 

1. NBS Handbook 73* 

2. Chapter 7 , Nuclear Instruments and Their Uses, Volume I, 
edited by A. H. Snell. 

3. "Safe Handling of Radioisotopes," Safety Series No. 1, 

International Nuclear Regulatory Commission. 


II. 


Lesson Objectives and Notes: 

A. Discuss the methods of safe handling and storage of radioactive 
material. 

B. Calculation of Source Strength. 
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Notes: 
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Notes: 
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Ill. Handouts: None 

IV. Problems: 

Class and Home Study Problems. 

1. What is the source strength of 7 curies of Cobalt-57? 
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2. What is the source strength of 120 curies of Gallium-72? 


3. What vould be the dose rate 25 cm from a 1+20 me source of Arsenic-74? 
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What dose -would you receive 230 cm from a 720 me source of Manganese-56 
in Tj hours? 


A reading of 270 mrad/hr is observed 300 cm from a Ruthenium-103 
source. What is its activity? 



6. What is the minimum distance personnel can work from an unshielded 
5-curie Co-60 source, if they work 8 hours per day 5 days a week? 
(Weekly MPE = 300 mrem.) 


7. What is the maximum permissible time a worker can be exposed to an 
unshielded 10-curie Antimony-124 source, if he is 760 cm from the 
source? (Weekly MPE = 300 mrem.) 
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8. At what distance from the source used in problem J would one place 
a sign and barricade in order to restrict unauthorized personnel 
from entering an area where the dose rate is greater than 5 mrad/hr? 


9. A radiation worker performing an experiment requires the use of 500 me 
of Antimony-125 fifty (50) times per week for 30 seconds each 
time. What is the minimum length remote handling tool he can use and 
not exceed a dosage of 300 mrem/week? 
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V. 


Solutions. 


1 . From decay scheme on page 388, Pam 25 - 

E n = 0.13632 ( 99 . 8 $) 

E = 0.7064 ( 0 . 18 %) Not used < % 

S = O.56 n CE 

7 

= (O.56)(O.998)(7)(O.I3632) 

= 0.534 rhm 


From column 

5, page 

254 , Pam 25 - 

1—1 

= 

0.601 

m) 

E 72 

= 

0.630 

(27 1 o) 

E 73 

= 

0.835 

(96 i) 

E 74 

= 

0.894 

do i) 

E 75 

= 

1.050 

(7%) 

E t6 

= 

1.465 

(3.5 i) 

E 77 

= 

1.60 

(5$) 

E 78 

= 

1.860 

(5 i) 

E 79 

= 

2.201 

(26f 0 ) 

E 7 l 0 

= 

2.50 

(20 i) 

S 7 : 

= 

0.56 C 

ZnE 


= (O.56)(120)[(0.08)(0.60l) + (0.27)(O.63) + 

( 0 . 835 ) + (0.1)( 0 . 894 ) + ( 0 . 07 )( 1 . 05 ) + 

( 1 . 465 ) + (0.05)(1.6) + (0.05)(1.86) + 
(2.201) + (0.2)(2.5)] 

= (67.2)(0.0481 + 0.17 + 0.802 + 0.0894 
0.0513 + 0.08 + 0.093 + 0.5723 + 0.5) 

= (67.2H2.4803) 

= 166.6 rhm 


( 0 . 96 ) 

( 0 . 035 ) 

(0.26) 


+ O.O735 + 
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3. From column 5 ? page 256, Pam 25 - 


E 7l 

= 0.511 

( 5956 ) 

E 72 

= 0.596 

( 61 %) 

E 73 

= 0.635 

UW 


S = O .56 C EnE 

7 

= ( 0 . 56 )( 420 mc )[ (o. 59 )( 0 . 5 H) + (0.6l)(0.596) + 

(0.l4)(O. 635 )] 

= (235.2)(0.3015 + O .3636 + O. 0889 ) 

= ( 235 . 2 )( 0 . 754 ) 

= 177.3 mrhm 


4 . 


R 

s 

177.3 mrhm 

177.3 

■ d 2 

(0.25 ) 2 

0.0625 

decay scheme on page 3&I> 

Pam 25 - 

E 71 

= 0.8469 (53 1o) 


E 72 

= 2.658 

( 30 i) 


E 73 

= 2.957 

(15 i) 


E 74 

= 3-37 

(1.3$) 

Not used < 


= 0.56 c 

EnE 



= 2840 mrad/hr 


= (0.56X720 me)[ (0.53) ( 0 . 8469 ) + (0.3) (2.658) + 
(0.16) ( 2 . 957 )] 

= (403.2)(0.449 + 0.797 + 0.473) 

= (403.2)(1.719) 

= 694 mrhm 


S xt = 694_mrhm (?>5) = (694) (7-5) = 984 


(2.3) £ 


5.29 


mrad 
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5. From decay scheme, page 395 > Pam 25 - 


E 7l 

= 0.04 

(3 i) 


E 72 

= 0.298 

(1 i) 

Not used < 3$ 

E 73 

= O .36 

(1 i) 

Not used < 3$ 

e 7 4 

= 0.537 

( 89 #) 


E c 
75 

= 0.6505 

(7 i) 



S = Rd 2 = (270 mrad/hr)( 3 ) 2 = ( 270 )( 9 ) 

= 2430 mrhm or 2.43 rhm 

r = s 

O.56 E nE 

2.43 rhm 

(0.56)t(0.03)(0.04) + ( 0 . 89 )( 0 . 537 ) + (0.07)(O.65O5)J 

___ 2.43 _ = 2.43 

(0.56) (0.0012 + 0.478 + 0 . 0455 ) (0.56)(0.5247) 

= - 8 - g 7 

6. From decay scheme, page 389 > Pan 25 - 


E 7l 

= 1.3325 

( 0.12 i) 

Not used < 3$ 

E 72 

= 2.158 

(0.013$) 

Not used < 3$ 

E 73 

= 2.5057 

(99 1) 


S = 

O .56 n CE 

= (O. 56 )(O. 99 )( 5 )(2.5057) 


= 6.95 rhm or 6950 mrhm 


d -\/i| = /i 69 ^ . ^rto. _ )(4? T = = 30.4 met ers 
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7. From column 5, page 292, Pam 25 - 


V 

= 

0.603 

(97%) 


E 72 

= 

0.644 

(7%) 


E 73 

= 

0.72 

uw 


E 1 

74 

= 

0.967 

(2.4$) 

Not used < 3$ 

E 

75 

= 

1.048 

(2.4$) 

Not used < 3$ 

E t6 

= 

1.31 

(3$) 


E T 7 

= 

1.37 

(5$) 


E 7 8 

= 

1.45 

( 2 $) 

Not used < 3$ 

E 79 

= 

1.692 

(50$) 


E 710 

= 

2.088 

(7$) 



= 

0.56 c 

ZnE 



- (0.56)(io)[(0.97)(0.603) + (0.07)(0.644) + 
(o.i 4 )(0.72) + (0.03) (1.31) + (0.05)(1.37) + 
(O.5H1.692) + (0.07)(2.088)] 

= (5.6)(0.585 + 0.0451 + 0.1001 + 0.0393 + 
0.0685 + 0.846 + 0.1463) 

= (5.6)(1.8303) 


= 10.24 rhm 

Dd 2 = (0.3)(7.6 f 

S 10.24 


I .69 hours or 1 hour and 4l minutes 


8. d 




10 ; 24 ° ^ = Vioua 

5 mrad/hr 


45.3 meters 
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9 . From column 5 » page 292 , Pam 25 - 
E n = 0.176 (6$) 

E 72 = 0.427 ( 31 $) 

E^ = 0.463 (10$) 

E r4 = 0.599 ( 24 $) 

e /5 = 0.634 (11$) 

E /6 = 0.66 ( 3 $) 

S = 0.56 C EnE 
7 

= (O.56 )(500 mc)[( 0 . 06 )( 0 . 176 ) + ( 0 . 31 )( 0 . 427 ) + 

( 0 . 1 )( 0 . 463 ) + ( 0 . 24 )( 0 . 599 ) + ( 0 . 11 )( 0 . 634 ) + 

(0.03)(0.66)] 

= (280)(0.0107 + 0.128 + 0.0463 + 0.1438 + 

0.0697 + 0.0218) 

= (280)(0.4203) 

= 118 mrhm 

t = (50)(30) = 1500 sec = 0.417 hours 

d = Jf = J &n&m = sj 0.164 = 0.405 meters or 40.5 cm 
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Notes: 
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DF200, INTRODUCTION TO SCALER COUNTING 


I. Reference and Discussion. 

A. Reference: ST 3-155* ch 12. 

B. Discussion. 

1. General. 

The scaler is a laboratory radiac instrument designed to yield 
precise data on the activity of a radioactive sample. It measures 
gamma and beta radiation, and under certain conditions will 
measure alpha radiation. Due to its precision, this instrument, 
when used with the proper auxiliary equipment, can be used to: 

a. Determine the energy of gamma emissions. 

b. Determine the half-life of an isotope. 

c. Determine the energy of gamma emissions. 

d. Determine the energy of beta emissions. 

e. Determine the energy of alpha emissions. 

f. Compare the counting rates of two samples. 

g. Determine the decay constant for mixed fission products. 

Such information is needed by the Health Physics and Radiation 
Safety Officers, and may be required by commanders in the event 
of nuclear warfare. 

2. Description. 

a. A scaler has three basic components. They are: 

(1) A sensitive radiation detecting unit. 

(2) A recording unit. 

( 3 ) A precise timing unit. 

b. Figure T is an illustration of a typical scaler and its 
component parts. 

c. The detecting unit of the scaler can be: 

(1) A Geiger-Mueller tube. 

(2) A scintillation crystal. 

( 3 ) A gas proportional tube or "counter." 
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It is usually shielded with lead to reduce "background radiation. 

When the detecting unit is a Geiger-Mueller tube, it is mounted in 
a fixed position inside a lead pig. Sample holders are located 
below the GM tube in such manner that sample orientation can be 
reproduced. 

The recording unit takes the signals (discharge from GM tube, flash 
from scintillation crystal or discharge from the proportional tube) 
from the detecting unit and records them. The recording device is 
generally a combination of electronic and mechanical registers, 
although electronic registers are often used alone. 

The timing unit is a precise time measuring device. It is designed 
to record time, usually in minutes and hundredths of minutes, 
during the time of measurement. It may or may not be set to stop 
the recording device after a pre-set time, or alternately, the 
recording device may or may not be set to stop the timing device 
after a pre-set number of counts has been registered. 

The components of the scaler may detect and count gamma, alpha, 
and beta radiations from a sample in total count. The counting 
rate, counts per unit time, is found by dividing the total count 
by the total time, usually minutes to find counts per minute. Most 
scalers register with greatest efficiency when the counting rate does 
not exceed 5,000 counts per minute. A special unit or tube is required 
for alpha counting. 

3. Operation. 

Effective use of the scaler to determine any of the items mentioned above 
requires: 

a. Careful sample preparation. 

b. Determination of efficiency of detecting unit. 

Careful consideration must be given to the chemical and physical form in 
which the samples are to be measured. This is necessary to minimize errors 
due to back- and self-scattering and self-absorption. However, a detailed 
discussion of the experimental techniques involved are beyond the scope of 
this manual. 

Since the detecting element will only "count" events that occur within it, 
the counting rate will not be the disintegration rate of the sample. The 
disintegration rate of the sample is the number of nuclear disintegrations 
which take place in the sample in a unit time, i.e., disintegrations per 
minute or per second. The counting rate is actually the number of nuclear 
disintegrations which are DETECTED in a unit time. Thus, the counting rate 
will differ from the disintegration rate by the number of nuclear dis¬ 
integrations which are not detected by the detecting element. 
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U. Geiger-Mueller Tube. 

With a GM tube this ratio between counting rate and disintegration rate is 
known as the tube's efficiency. This efficiency is the result of three 
factors. These factors are: 

a. Resolving time of the GM tube. 

b. Geometry of the tube and sample. 

c. Energy sensitivity of the GM tube. 

The resolving or dead time of a GM tube is the time following a primary 
ionizing event during which the tube is insensitive to ionizing radiations. 
The dead time of an average Geiger-Mueller tube is 0.0002 second (200u sec). 
During this 0.0002 seconds, if another primary ionizing event takes place in 
the tube it will not cause a discharge of the Geiger-Mueller tube, and, 
therefore, will not be counted. A GM tube having a 0.0002 second dead time 
will record all of 5*000 evenly spaced ionizing events per second occurring 
within it. However, should 6,000 evenly spaced ionizing events per second 
occur, 1,000 events would not be counted. The problem increases when one 
considers that a radioactive material does not decay at a perfectly constant 
rate but decays randomly in fits and spurts, although the sample does have 
an average decay rate. 

A pictorial view of this dead time and randomness of disintegrations is 
presented in figure 2. Here the unevenly spaced arrows indicate random 
disintegrations and the blocks represent the resolving or dead time of 
a GM tube. When the disintegration causes ionizing events while the tube 
is completely charged as in A, B, D, and F, the events are recorded. When, 
however, the ionizing events occur during dead time as in C and E, counts 
will be lost. For example, one count is lost in C and two in E. 

Hence, the higher the counting rate the larger the fraction of counts that 
will be lost. It is possible to make corrections for the lost counts if 
the dead time is known. This can be determined rather easily. Knowing 
the dead time, a calibration curve can be constructed which will relate 
the observed counting rate to the true counting rate’. 

5. Resolving Time Determination. 

The resolving time of the tube is measured by taking a series of three 
counts using two different sources. Counts are taken on the individual 
samples, plus a count of the two samples together. The total counts 
for the combination of the sources is greater than either single sample 
above, but less than the sum of the two samples. The reason for this 
lowered count is due to the radiation entering the tube during the dead 
time of the tube, or several radiations ^entering the tube simultaneously. 

The two samples chosen should be gamma emitters with a counting rate of 
about 5*000 counts per minute each. 
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The resolving time of the tube may he calculated by means of the following 
formula: 

Resolving time (t) 

■where R^ = cpm for sample No. 1. 

Rg = cpm for sample No. 2. 

Rl 2 = cpm for the combination of samples 1 and 2. 

R^ = cpm background. 



Once the dead time is determined for a particular Geiger-Mueller tube a 
calibration curve can be constructed. The curve will relate the observed 
counting rate to the counts to be added to obtain the incident counting 
rate of the sample. This curve can be constructed by the use of the 
following equations: 

AR = R - R 

o 

where AR is the correction factor in cpm to be added to the observed 
counting rate. 

R is the incident counting rate. 

R^ is the observed counting rate. 

then R q t = time/minute that the scaler is not counting. 

t is the dead time of the Geiger-Mueller tube. 

R R t = total number of counts missed, 
o 

R - R = total number of counts missed, 
o 

then R R r = R - R 
o o 

R 

■n ° 

rearranging gives : R = ---— 

1 - K T 
o 

substituting for R in the original equation the following is obtained: 
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where R q is observed counting rate 

AR is cpm to be added to the observed counting rate to give 

the incident counting rate. 

A graph of "observed counts" versus "counts per minute to be added, 

AR" can be constructed on log-log paper. In order to obtain points 
for the curve "observed counts versus counts to be added," a value for 
AR is obtained by solving the above equation in which the resolving 
time of the GM tube used is substituted for r and by assigning an 
arbitrary value to Rq. This arbitrary value of R Q and the resulting 
value of AR when plotted on log coordinates will establish one point 
of the desired curve. At least four additional points should be 
established by assigning other arbitrary values to R 0 and solving for 
the corresponding AR. These points will plot essentially as a straight 
line. When such a curve is employed, Incident Count (r) may be ob¬ 
tained by adding to any given value of R Q the value of AR correspond¬ 
ing to R 0 read from the graph. A graphical solution saves considerable 
time when numerous readings are to be corrected. 

6. Geometry and Energy Sensitivity. 

Geometry of the tube and sample is defined as the ratio of the total 
disintegration being emitted and the number of disintegrations actually 
counted by the scaler. This ratio is generally expressed as a 
percentage. If for a certain physical set-up of the detecting element 
and sample in the lead pig, 10# of the total disintegrations of a 
sample were counted in a unit time, then the "geometry" is said to be 
10#. The remaining 90# of the disintegrations go off in other directions 
and are not counted. In order to obtain accurate data that is meaningful, 
the "geometry" must always be the same and must not change. Figure 3 
illustrates two extremes of geometry. 

Energy sensitivity of a GM tube is a function of the energy of radiation 
and the amount of absorbing material between the atom that disintegrates 
and the gas of the GM tube. A typical plot of percent efficiency versus 
energy is shown in Figure b. For low energy beta radiation, lower effi¬ 
ciency is due to self absorption within the sample, absorption in the 
material and the air between the sample and wall of the GM tube and absorp¬ 
tion in the wall of the GM tube. A similar graph would be obtained for 
gamma radiation. 

Therefore, to determine any of the items mentioned above it is necessary 
that the samples to be counted always be placed in the same position with 
respect to the GM tube. That is, the sources must be the same distance 
from, and in the same relative position with respect to the GM tube. 

This requirement for maintaining a constant geometry necessitates a 
permanent type sample holding device in order to assure a reproducible 
position. Such a device is shown in Figure 5* 
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7. Scintillation Counters. 

The most common type of detector for measuring gross counting rates is the 
scintillation veil counter. It consists of a crystal, usually sodium 
iodide activated vith thallium, in which a small hole is bored to permit 
entry of a sample vial. The sodium iodide crystal is connected to the 
front of a photomultiplier tube by a light pipe and the crystal and tube 
are surrounded by an aluminum housing. The detector unit (the crystal 
and photomultiplier tube in the aluminum housing) is equipped with some 
type of lead shielding. 

The scintillation detector is preferred for counting gamma radiation 
because solid sodium iodide is more efficient in attenuating gamma radia¬ 
tion than is the gas filled GM or proportional counter tube. When gamma 
radiation interacts with the sodium iodide crystal, some of the gamma 
radiation will interact by one of three possible processes. These are: 

a. " Photoelectric. 

b. Compton interaction. 

c. Pair production. 

In each of the above processes, energetic electrons are ejected from an 
atom. This electron loses its energy either by ionization or excitation 
of the atoms through which it is passing. When the sodium iodide atoms 
are excited, they re-emit this excitation energy in the form of light 
photons. The number of photons produced is proportional to the energy of 
the particle producing the excitation. 

The photomultiplier tube contains a photo cathode, usually made of silver- 
magnesium or cesium-antimony. When the light photons strike the photo 
cathode, "photoelectrons" of 1 to 2 ev energy are ejected approximately 10 
to 15$ of the time. These photo electrons form a photo electric current 
which is amplified by passage along a series of dynodes. Dynodes are elec¬ 
trodes so arranged that the electrons from each preceding dynode are focused 
on the next dynode. Each dynode in the series is at a higher potential 
(approximately 150 volts in most cases) than that of the preceding dynode. 
This causes production of secondary electrons at the next dynode surface. 

The photoelectrons in passing through the dynode series are joined by more 
and more secondary electrons, which results in an amplified current. 

Since the number of light photons produced is dependent on the energy of 
the photoelectric, Compton or pair production electron, which in turn is 
dependent on the energy of the gamma radiation, the scintillation detector 
responds differently to gamma radiation of different energy. 

8. Background Corrections. 

Regardless of the detecting unit used with the scaler, correction must be 
made for the count due to background radiation. Background radiation is 
radiation arising from cosmic rays and stray radiations from other sources. 
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The total recorded counts are actually from two sources; the first is the 
sample itself, and the second is background radiation. That is: 

Rtotal = Rsample + ^background 


where 


R total 


is the observed counting rate 


R s ample is the counting rate of the sample, 


and R-background i s the counting rate of the background radiations. 

The background counting rate is determined by counting with the detecting 
unit empty. The specific method used for correction depends on the 
detecting unit used, but in general to determine the true count of any 
sample the background count is subtracted from the total count. 


Random Fluctuation Error . The decay of an individual atom in the source 
being counted is a matter which is totally unpredictable. It may be said 
that the decay of an atom occurs at random. In spite of the individual 
randomness of the decay process in the source, the number of decays observed 
from a source consisting of a large number of atoms tends to conform to a 
certain expected value. ' This tendency to approach an expected value becomes 
count as an estimate of the expected count. 


This random fluctuation of the observed count about the expected count 
introduces an error into scaler counting results. The error is inherent 
in the nature of radioactive decay rid in non-prevent able. Since the 
amount of the deviation of observed count from expected count is not 
predictable, it is impossible to introduce a correction for the error. The 
only recourse is to count a sufficient number of decays so that the effect 
of the random fluctuations is reduced to negligibility, the observed count 
then approximating closely the expected count. However, in practice this 
is seldom feasible, but after a number of counts have been made we can 
calculate the probable error. This can be done by use of the graph on 
page ll8 of Pam 25. Instructions for use of the graph are contained in 
Pam 25 . 
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DETECTOR WELL 
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Scaler Assembly 






FIG2 
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DEAD TIME SCHEMATIC 




FIG 3. Geometry 
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detecting unit, the geometryof the system 
is increased and hence the efficiency of 
detecting unit. 
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Energy Mev 


FIG 5. 


SAMPLE HOLDING DEVICES 



a. All the equipment shown above will be contained in a lead pig 
so as to reduce the background radiation. The sample holding device 
may consist of lucite blocks with grooves in which samples can be 
slid in and out. 



b. The well assembly gives close to 100% geometry. Reproducibility is obtained 
by marking the sample holder and opening 
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II. Lesson Objectives and Notes: 

A. Scaler counters, their use and capabilities 

B. Operating voltage and resolving time determination. 
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Notes: 
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STUDENT NO. 

CLASS _ 

DATE _ 

INSTRUCTOR 


LABORATORY EXERCISE 
SCALERS 

OPERATING VOLTAGE AND RESOLVING TIME OF A GM TUBE 
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III. Laboratory Exercise. 

A. Determination of Operating Voltage. 


1 . 

Check to be sure the cord from the GM tube in the lead pig is 
plugged into the receptacle marked "GM" at the rear of the scaler. 

2 . 

Make sure all switches are OFF. 

3. 

Make sure the line cord from the scaler is plugged in. 

4. 

Turn power switch ON. 

5. 

Make sure the high voltage control is fully counterclockwise. 

6 . 

Turn high voltage power switch ON (voltmeter should register about 
300 volts). 

7. 

Depress reset switch until all glow tubes register "zero. " 

8 . 

Turn count switch into the UP position. 

9. 

If timer is not operating, depress the switch on the timer. 

10 . 

Open the door of the lead pig and place the radioactive source in 
one of the grooves (usually second from the top). 

11 . 

Rotate the high voltage control slowly and stop when the right- 
hand glow tube first starts to register counts. Decrease the 
voltage 50 volts. This is the starting potential. 

12 . 

Depress the count switch and zero the timer. 

13- 

Turn the count switch up and take a 2-minute count, turning timer 
and scaler off with the count switch. 

l4. 

Record the number of counts and the voltage on the data sheet. 

15- 

Increase high voltage by 50 volts and take a 2-minute count. 

16 . 

Record voltage and counts per minute. 

17. 

Zero decade tubes and timer. 

H 

00 

Repeat steps 15 through 17 until a 500 count per minute increase 
over the previous count is recorded OR until a voltage specified 
by the instructor is reached. DO NOT EXCEED this voltage. 
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19. Turn high voltage control knot fully counterclockwise. 

20. Turn high voltage OFF. 

21. Turn power OFF. 

22. Remove radioactive source from lead pig. 

PROCESSING DATA 

Plot counts per minute VS voltage on linear graph paper (will he furnished 
by the instructor) and draw a s mooth line through the points. The result¬ 
ing curve will be characteristic for the GM tube used. The operating 
voltage can now be selected on the flat portion of the curve, one-third of 
the distance from plateau beginning to onset of continuous discharge. 
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Data. 


B. 

INSTRUMENT MAKE_MODEL_SCALER NO. 

DATA FOR PLOTTING GM PLATEAU 
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C. Determination of Resolving Time. 

Data for the resolving time determination will be obtained as outlined 

in paragraph 12.8 of ST 3-155* 

1. Obtain a handling tool and two (2) radiation sources from the instruc¬ 
tor. The sources are on a double-holed plastic planchet holder. 

2. Remove the left source with the handling tool and place it on a piece 
of paper on the lab bench. Place the right source and planchet on 
the third shelf in the lead pig with the planchet to the right rear 
and count. This is the value for Rq_.* 

3. Carefully remove the source holder from the scaler counter and place 
the second source on the holder (left side) with the first source. 
Replace the holder into the scaler in the identical position as 
before and count the combined sources. This is the R]_^2 va l u e. * 

h. Remove the right source and count the left source by itself. This 
is the R 2 value.* 

5. Remove the planchet and run a background count.* 

6. Calculate the resolving time of the GM tube. 


* Count for 5 minutes on all readings. Record your data in Table I. 
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D. Graph Construction. 

A graph of observed counts per minute (R q ) versus counts per minute 

to be added (AR) can be constructed on log-log graph paper. When 
the constructed curve (straight line) is employed, the true counting 
rate (R) may be obtained by adding to any given value of R the value 
of AR corresponding to R q read from the graph. 


From the equation R - R q = AR 


where: AR = The correction factor in cpm to be added to the 
observed counting rate. 

R = The true counting rate, cpm. 


then: 


= The observed counting rate, cpm, 

R 2 T 

AR = -2-:- (2) (See para 12.8, ST 3-155) 


R o T 


Use the values of obtained in C above and complete Table II by 
substituting the listed values of R q in equation 2 above and solving 

for the corresponding AR. Plot the R q and AR pairs on the log-log 

graph provided; the observed count (R ) is plotted on the vertical 

axis and the counts to be added to R (AR) on the horizontal axis. 


TABLE II 


R o (cpm) 

I 

1 

AR(cpm) 

i 


5,000 

10,000 

33,000 

50,000 
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Notes 
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Notes: 
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IV. Problems - Introduction to Scaler Counting. 


1. To determine the resolving time of a particular GM tube, the following 
data were obtained: 


= 8,500 cpm 

Rg = 7,000 cpm 


R 1 2 = 1 3^ 20 °P m 

= ^0 cpm 


a. Calculate the resolving time of the tube. 
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b. The observed count (negligible background) of a particular sample 
using this tube was 500 cpm. What would be the true count? 


c. Another sample gave an observed count (negligible background) 

of 20,000 cpm. Calculate AR (counts to be added to the observed 
count to obtain the true count) for this observed count. 
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M) 3 


d. Calculate the maximum counting rate in cpm of this CM tube 


2. A known source has a disintegration rate of 5,000 dpm. When counted 
a scaler the observed count was 750 cpm. What was the efficiency 
the scaler counter? 
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An unknown source counted on a scaler counter had an observed counting 
rate of 7,400 cpm. The overall efficiency of the scaler was 10%. 

a. What is the disintegration rate of the sample? 


b. What was the activity in microcuries of the above sample? 



-6 

4. A certain scaler had a resolving time of 1 x 10 min-/count. An 

observed counting rate of 100,000 cpm was obtained on this scaler. 
90 $ of the total disintegrations of the sample were lost due to 
geometry and sensitivity errors. How many microcuries are present 
in the sample counted? 
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V. Solutions to Problems. 


1. 



R 1 *2 " P l ,2 " \ 

2 ~~2 ** ~2 

R l,2 “ \ " R 2 

8500 + 7000 - 13420 - 4o _ 

1.80(10)® - ~"o.723(10) B - 0.49 (10) 8 

2040 

0.587 (10 ) 8 

2.040(10) 3 

0.587 ( 10) 8 

3.47 (10) min/count 



_ 500 _ 

1 - ( 500 )(3^7 x 10" 5 ) 


R 


_ 500 

1 - 1.74 (10)“ 2 


R 


500 

r~- 0.6174 


R - 122 

0.983 

R = 509 c P m 
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c. AR 


d. 


2. Eff 


AR 


AR 


AR 



1 - R t, 

o 

(3-^7 x 1Q~^)(2.Q x IQ 4 ) 2 
1 - (3At x 10" 5 )(2.0 x io 4 ) 

1.388, x 10 ^ 

1 - 6.94 (10)" 1 

1 . 388 ( 10 )^ 

0-306 


AR = 4. 55x 10 


4 


J2B2 


R 


max 


'V 

U 


max 

R 

max 


R 


max 


= 1 


1 

-v 

U 


1 

3.^7 (10)" 5 
2.88 :io) U cpm 


observed count rate 
disintegration rate 

7i?0 

5000 


= 0.19 or 


300 



R 


3. a. Eff = 


dpm 

R 


dpm = Eff 
7^00 


dpm = 


0.1 


dpm = 7-^ x 10 

_ _4 , x /I min N / lp-Ci 
b. (7.4 x 10 dpm) ( 55 U 0 ) (—-7X 


-2 


-) = 3.33 x 10" nCi 


3.7 x 10 dps 


4. Resolving time correction. 
2 


R 


AR = 




i - r y 

O L* 


- 6 , 


do 5 ) 2 (io~ u ) 

i - io 5 (io" ) 

io k 

- 0.9 

4 

= 1.11 x 10 counts lost 

Counts corrected for resolving time. 

R = R + AR 
o 

= 100,000 + 11,100 

R = 111,100 

Geometry and energy correction. 

111,100 
dpra = — 571 — 


= 1,111,000 dpm 

c 

= 1.111 x 10 dpm 

6 dis /I min 


iy.Ci 


1 111 x 10 b — (/■ ——) = °-501 (jlCI 
l.in x iu min v- 4 dis ' 


3.7 x 10 


sec 
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NEUTRONS 
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DF212, CHARACTERISTICS AND DETECTION OF NEUTRONS 


I. References and Discussion. 

A. References: DA Pam 39-3, para 8.45-8.67, 8 . 93 - 8 . 97 , 9.11, 9-31-9.39; 

ST 3-155, para 4.4, ch 11. 

B. Discussion: 

1. General. 

Neutrons have properties which make them important in contemporary 
science and technology. Because they are uncharged heavy particles, 
neutrons induce many nuclear reactions which are a valuable source 
of information about the nucleus. The most striking use of neutrons 
is in the chain reaction involving fissile materials in nuclear 
reactors and in weaponry. 

There are no radioisotopes of practical significance which emit 
neutrons directly, except during the fissioning of certain heavy 
element isotopes. Neutrons can be produced indirectly, however, 
by a number of nuclear processes involving charged particles or 
energetic gamma photons as projectiles. 

The absorption of an alpha particle by the nucleus of beryllium-9 
with the subsequent emission of a neutron is one example, and may 
be written as follows: 

9 Be + Sle -*• ^ + 12 C + 5-70 Mev 

or 9 Be (« , n) 12 C 

Although a small part of the 5-70 Mev energy is imparted to the 
product nuclei in recoil, most of the energy is imparted to the 
emitted neutron. 

2. Classification of Neutrons. 

Neutron energy is an important factor in the interactions of neutrons 
with matter. We therefore classify neutrons according to their 
energies. The terms "thermal," "epithermal (slow and intermediate), 
and "fast" each represent a broad, rather indefinite range of energies. 
These energy ranges are: 

a. Thermal neutrons (up to 0.025 ev). Thermal neutrons are in 
thermal equilibrium with their environment at standard tempera¬ 
ture and pressure. 

b. Slow neutrons (0.025 ev to 100 ev). Slow neutrons are at the 
lower end of the epithermal range. 
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c. Intermediate neutrons (lOO ev to 100 kev). Intermediate neutrons 
complete the epithermal range and are the most difficult to detect. 

d. Fast neutrons (greater than 100 kev). 

3. INTERACTION OF NEUTRONS WITH MATTER. 


For neutrons to interact with matter, they must either enter the nucleus 
or come sufficiently close to it for the nuclear forces to interact. The 

reaction of a neutron with a nucleus can be represented as 


1 

n + 
o 




1 x) 


* 


A + 1 

where ( X) represents the compound nucleus in an excited state. The 
excess energy of the compound nucleus may be removed by the emission of 
one or more particles. 


Processes in which neutrons are emitted are referred to as scattering 
processes. The scattering is inelastic or elastic, depending on whether 
the nucleus is left in an excited sta^.e (nonconservation of energy) or 
in an unexcited state (conservation of energy). In either case, the 
neutron energy is degraded, the amount of degradation being larger for 
inelastic scattering. 

Processes in which neutrons are absorbed and a different particle or 
photon is emitted are referred to as absorption. 

The various mechanisms by which neutrons interact with matter are: 

a. Elastic scattering, (n, n). In elastic scattering the initial 
kinetic energy of the neutron is shared with the target nucleus. 

The nucleus recoils and is not left in an excited state. Energy 
is conserved in this interaction. The smaller the mass of the 
nucleus, the greater the fraction of the kinetic energy absorbed 
by the nucleus. Therefore, light nuclei are better for slowing 
down fast neutrons. 

b. Inelastic scattering, (n, n), (n, n7 ) or (n, 2n). This process 
is energetically possible only for fast neutrons. The nucleus is 
left in an excited state and energy is not conserved by the inter¬ 
action. However, the subsequent loss of this excess energy of the 
nucleus will satisfy the law of conservation of energy. 
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c. Radiative capture, (n,/). This absorption reaction is probably 
the most common of all reactions, since thermal neutrons induce 
this reaction in nearly all nuclides. Radiative capture also 
occurs with a very high probability for a number of nuclides in 
the epithermal range. This phenomenon is known as resonance 
capture. The gamma photons emitted in the (n,/) reaction usually 
have energies of several Mev. 

d. Absorption with charged particle emission, (n, p),(n,d), (n,#) 
etc. This type of reaction is most probable for light nuclides 
and fast neutrons since the charged particles must overcome the 
Coulomb barrier before escaping the nucleus. Important exceptions 
are the (n,#) reactions which are sufficiently exothermic to allow 
the escape from the Coulomb barrier even with thermal neutrons. 

The ^Li(n,C20 and the 10 B(n,(7 ) reactions are in this latter category. 

e. Absorption with fission (n,f). The compound nucleus splits into 
two or more fission fragments and one or more neutrons. Fission 

occurs with thermal neutrons in *^U, 233^ and 239^ and vith 
fast neutrons in many heavy nuclides. ' 

f. High energy processes. The bombardment of a nucleus with highly 
energetic (above 100 Mev) neutrons may result in the emission of 
a shower of many different types of particles. 

k. NUCLEAR CROSS SECTIONS 

A statistical description of neutron interaction with nuclei can be 
made through the use of the concept of nuclear cross sections. The 
concept of a nuclear cross section can be mo6t easily visualized as 
the target area presented by a nucleus to an incident particle. The 
"size" of this target area will depend upon the energy of the incident 
neutron and on the particular target nuclei. This dependence on 
neutron energy and the target type is included in the nuclear cross 

section and measured in cm 2 . Since nuclear cross’sections often have 

oh p 

values on the order of 10 cm , this quantity was arbitrarily chosen 
as the cross section unit; this unit is called a barn . 

The physical significance of nuclear cross sections is that it gives 
a relative probability for the occurrence of a specific reaction. The 
higher the cross section, the higher the probability that this reaction 
will occur in preference to some other reaction with a lower value for 
its cross section. 
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5. NEUTRON SOURCES 


There are no naturally occurring long lived radioisotopes which produce 
neutrons. The production of neutrons therefore depends on neutron inter¬ 
actions as discussed in paragraph 3. Some of the more important neu¬ 
tron sources which you may come in contact with are discussed "below. 

a. Alpha-neutron source. 

In an alpha-neutron source, an alpha-emitting isotope is mixed as 
thoroughly as possible or combined in a chemical compound or alloy 
with a target material such as beryllium. The selection of the 
alpha-emitter may depend on a variety of parameters to include alpha- 
energy required, half-life and cost. Radium and polonium are com¬ 
monly used alpha emitters, although others are attaining greater 
utilization. 

Various target materials can be mixed with an alpha emitter to 
obtain an alpha-neutron source. The prime parameter in target 
material selection is the neutron yield which is different for 
different target materials. The yield from a given target mate¬ 
rial also depends on the alpha energy. Alphas (5*30 Mev) from 
polonium 210 produce neutron yields as follows: 


Target 

Neutrons per million alphas 

Carbon 

0.1 

Lithium 

2.7 

Boron 

22.0 

Beryllium 

77.0 

The neutron yield for a specific target material varies with 
alpha energy. An example for a beryllium target material is 


follows: 

Alpha Energy in Mev Neutrons per million alphas 


3.0 

2.7 

4.0 

26.0 

5-0 

6l.o 

5-3 

77.0 
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Since a "beryllium target produces a relatively large neutron 
yield and is of low cost, it is almost always selected as the 
target material for small portable neutron sources. 

From practical and radiological safety considerations the gamma 
radiation output from an alpha-neutron source must be evaluated. 
Gamma radiation may be present from the alpha-emitter, from the 
decay of target nuclei left in an excited state by the alpha- 
neutron reaction, and from radioactive impurities in the alpha 
emitter. 

Exact gamma radiation outputs depend on the details of encapsula¬ 
tion. In evaluating the shielding of these gammas in conjunction 
with the neutrons, the gamma energies which vary with the type of 
neutron source must be considered in comparison with the relative 
gamma output. Shielding against gamma radiation is usually required 
with Ra:Be, but not with Po:Be. 

b. Photoneutron sources. 

Neutrons from a photoneutron source (y ,n) may be considered to be 
monoenergetic for most practical purposes. Photoneutron sources 
produce much lower yields per curie than alpha-neutron sources and 
are also less convenient to handle because of the numerous and ener¬ 
getic gammas. When a monoenergetic neutron source is desired, how¬ 
ever, photoneutron sources may be superior to alpha-neutron sources. 

Antimony-beryllium (Sb:Be) is a commonly used photoneutron source 
due to its relatively long half-life, high yield, and low cost. 

c. Particle accelerators and nuclear reactors (fission) also produce 
large quantities of neutrons when operational. 

6. ASPECTS OF NEUTRON SOURCES OF PARTICULAR INTEREST TO RADIOLOGICAL SAFETY 

ARE: 

a. Certain elements when intricately mixed with select alpha emitters 
or in close proximity to select gamma emitters will emit copious 
neutrons. 

b. Neutron emissions are usually accompanied by gamma radiations of 
varying intensities. 

c. Certain neutron sources involve the emission of alpha particles and 
the release of radioactive radon gas. 
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d. Particle accelerators, nuclear reactors, and nuclear weapons 
are sources of neutrons. 

e. Sealed neutron source capsules can leak and "become a hazard. 
The hazard is primarily due to the initiator, such as Radium, 
which may emit Qf , and/or y radiation. 
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EQUATIONS 


1 . 0 


Q 

47Td 2 


0.08Q 


where 

p 

0 = neutron flux (neutrons/sec-crn ) 

Q = neutron emission rate (neutrons/sec) 
d = distance from neutron source (cm) 


2. Neutron dose (Title 10, Sec 20.4) 

Dose = _ 0 x Time _ 

neutrons/cm^ per rem 
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II. Lesson Objectives and Notes: 

A. Characteristics of neutrons and methods of detection. 

B. Calculation of neutron dose. 
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Notes 



Notes 



Notes: 


HE. Laboratory Exercise ani/or Handouts: 


None 
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IV. Problems 


1. a. A certain neutron source has a neutron emission rate of 

10^ neutron/sec. What is the neutron flux at 1 meter? 

2 meters? 3 meters? 


b. What total dose -would be received in 1 hour from the 
above source at each of the three distances? Assume 
all neutrons have energies greater than 10 mev. 
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2 . 


What is the 


A neutron gun has an emission rate of 5 x 10^ n/sec. 
maximum flux of this gun at the following distances: 


a. 100 cm? 
1. 10 cm? 

c. 2 cm? 
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3. a. What total dose should he recorded if an exposure of 

1004 x 10 n/cm^ -were received from a neutron source 
■with the following spectra? 

Energy (Mev) Total Neutrons (fo) 


0.0001 

71.7 

0.1 

11.95 

2.5 

11.55 

7.5 

4.78 


b. What total dose would be recorded if the spectrum was unknown? 
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V. Solutions to Problems 


1 . 


a. 


At 1 meter 


0 


0. 08 Q 

2 

d 


0.08(10 6 ) 

( 100) 2 

8 ~ 2" 

sec-cm 


At 2 meters 


0 = 


0. 08(10°) 


( 200 )' 


= 2 


At 3 meters 


n 


sec-cm 


0 = 0- 08 ( 1Q ) 

(300)2 


= 0.89 


sec-cm 


b. 


One hour = 36OO sec. 

Dose at 1 me ter. 

/_3600 sec\ / 1 rem 

I4xl0 6 


n 


sec-cm 


■) 



cm 


2.06 x 10~3 rem 


2.06 mrem 
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Dose at 2 meters 


2 . 


(2 


n 


sec-cm 


;)(3600 sec)(^“-) . 


l 4 xlO u n 

sec 


Dose at 3 meters 


0 

0 


2 

= ko n/ cm / sec 


l - 


0 - 


0.08(5xl0 6 ) 

(10) 2 

k.O x 10^ n/ cm 2 / sec 

(0.08)(5xl0 6 ) 

( 2) 2 

= lx 10^ n/cm 2 /sec 


I4xl0 6 ^ 


,„ n x ,, 1 rem 

(0.89 )(3600 sec)( 

sec-cm^ 

0.08 Q 

2 

a 

0. 08(5xl0 6 ) 

(100) 2 


-) 


0.51 mrem 


= 0.229 mrem 
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Calculate total neutrons at each energy. 

(0.0001 Mev) 1004 x 10^ n/cm 2 (0.717) = 720 x 10^ n/cm 2 

(0. 1 Mev) 1004 x 10 6 n/cm 2 (0. 1195) = 120 x 10 6 n/cm 2 

(2.5 MevJ 1004 x 10 6 n/cm 2 (0.1155)= 116 x 10 6 n/cm 2 

(7.5 Mev) 1004 x 10^ n/cm 2 (0.0478) = 48 x 10^ n/cm 2 

From 10CFR20 get values of neutrons/cm to cause 1 rem dose 
for each energy. 


Energy (Mev) 


0.0001 


Neutrons/cm 2 /rem 


720 x 10 L 


120 x 10 


29 x 10 
24 x 10^ 


Calculate dose by dividing total neutron exposure by neutrons/cm 2 /rem 
for each energy. 


Dose = 


720 x 10" 
720 x 10^ 


120 x KT 
120 x 10 6 


ll6 x 10 


29 x 10 c 


48 x 10 


24 x 10 fc 


= l+ l+ 4 + 2 
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b. When spectrum is unknown 10CFR20 allows you to use the value 

6 2 

of l4 x 10 n/cm equal to 1 rem. 


Dose 


Total neutrons/cm^ 
Neutrons/cm^/rem 

1004 x 10^ 

14 x 10 6 


= 71«T 


This would be the dose recorded if the spectrum was unknown 
even though the actual dose in this case was only 8 rem. 
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DF230, SHIELDING PROPERTIES OF MATERIALS 


I. References and Discussion: ST 3-155, para 4.10; Radi Saf Handbook DF230. 


A. Review of Interactions of Gamma Rays with Matter. 

1. Gamma radiation is attenuated by three processes: 

a. Photoelectric effect - where the gamma photon strikes 
the orbital electron and gives up all of its energy to 
the electron, ejecting it from the atom. 

b. Compton effect - where the gamma photon strikes the 
orbital electron and gives part of its energy to the 
electron. The remaining energy goes off as a weaker 
gamma capable of producing more ionization before its 
energy is completely used up. The ejected electron 
acts the same as low-energy beta particles. 

c. Pair production - where the gamma photon passes in 
close proximity to the nucleus of an atom and is con¬ 
verted into an electron and a positron. Later the 
positron will recombine with an electron and produce 
two other gamma photons of lesser energy which will 
be attenuated by the photoelectric or Compton effect. 

2. Since the photoelectric and Compton effects depend upon 
interaction with electrons, materials with large numbers 
of electrons per unit volume will make the best gamma 
shielding materials. For this reason, dense materials 
like lead, steel, and concrete are some of the better 
shielding materials. 

3. For gamma radiation to be attenuated the gamma photons 
must strike an electron or pass very close to a nucleus. 

The probability of this happening is not very great, 
because of the vast amount of space existing within any 
material. Theoretically, then, some gamma photons will 
always pass through any amount of material without being 
attenuated. However, we can appreciably decrease the 
gamma dose rate by using good shielding materials. 

4. Graphical Solution to Shielding Problems. 

a. Shielding problems may be solved by a graphical method. 
Semi-logarithmic graph paper is used for this purpose. 
The vertical scale is logarithmic and will be used to 
plot dose rates. The linear horizontal scale will be 
used for shield thickness. 
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b. The first step is to mark off the axes of the graph paper. 

Look at the graph paper on the next page. The dose rate 
(log) scale is divided into decades, or powers of ten. You 
must determine how many cycles are necessary to represent 
the range of dose rates of interest. To do this, take the 
maximum dose rate expected and the minimum dose rate expected 
to determine the range. Then determine how may cycles (powers 
of ten) are needed to cover this range. For example, if the 
range is from .8 rad/hr to 80 rad/hr, two cycles are necessary; 
one cycle from 1 to 10 and one cycle from 10 to 100 as shown 
on the graph on page 322. 

c. To solve a shielding problem by the graphical method, certain 
information must be available. The unshielded dose rate (R 0 ), 
shielded dose rate (R), shield thickness (X) and shield half¬ 
thickness (XjJ are variables which must be determined. 

2 

Half thickness is that thickness of a material required to 
reduce the unshielded dose rate at a point to one-half its 
original value. Given any three of these the fourth may be 
determined graphically. 

d. Example Problem. 

The unshielded dose rate at a point is 80 rad/hr. It is 
desired to place a shield of half-thickness 10 cm in such a 
way as to reduce the dose rate to 15 rad/hr. What thickness 
of shield is required? 

Solution: (See page 321) 

Assume the shield has zero thickness, the dose rate will be 
80 rad/hr. Locate the point corresponding to 0 thickness 
and 80 rad/hr on the graph and mark it. Assume the shield 
is 10 cm thick, since this is one half-thickness the dose 
rate will be reduced to 4o rad/hr. Locate the point on the 
graph corresponding to 10 cm, bO rad/hr and mark it. Draw 
a straight line through the two points located on the graph. 
This line represents the dose rate corresponding to any 
shield thickness for a shield made of this material. To 
determine the thickness required to reduce the dose rate to 
15 rad/hr, locate 15 rad/hr on the dose rate scale, read to 
the right until you reach the line. Read down from the line 
to the thickness scale and find that 2b cm of material will 
be required as the shield. 

5. Mathematical Solution to Shielding Problems. 

In a previous class (DF100) you were introduced to the shielding 
equation: 

R = R o e-M x where (l) 
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DOSE RATE (rad/hr) 


GRAPHICAL SOLUTION TO SHIELDING PROBLEMS 
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R = Shielded dose rate 
R 0 = Unshielded dose rate 

d = Total linear absorption (attenuation) coefficient 
X = Shield thickness 

You also were shown the relationship of half-thickness and the 
equation 

Xi = 0 ‘^ 9 . 3 (2) was developed. 

2 b 

This expression is energy dependent because b varies with the 
energy of the gamma ray under consideration. In order to obtain 
an equation which may be used for an approximate solution, it is 
necessary to assume a constant energy spectrum which would make 
b independent of energy. If this is done, we may rewrite 
equation (2). 

M _ 0.693 

b — - 

Xi 
2 

substituting into equation (l) 



R = R n e v Xi 
u 2 

taking logarithms 




( 4 ) 


In R = in R c - (0.693) 


( 5 ) 


but 0.693 = In 2 so 


X 


In R = In R n - 7 " In 2 
o Xi 


( 6 ) 


Taking antilogarithm of the above expression we get 
R 


R = 


X 

XT 

2 2 


X 

If we let n = 

Xi 


(T) 


( 8 ) 


equation (7) becomes 
R - R 


( 9 ) 
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Equations (8) and ( 9 ) are the equations we will use to solve shielding 
problems for field approximation. 

6. Use of the 2 a Tables. 


The table in the back of the Radiological Safety Handbook in the Radio¬ 
logical Safety Handbook Supplement, and in ST 3-155> pages p0-51> lists 
values of 2 n corresponding to a range of values for n. It is desirable 
to safe-side the answers to out shielding problem so, rather than inter¬ 
polating between values in the table, a guide is provided for selecting 
values from the table. This guide appears at the top of the 2 n Table. 

The use of the guide for safe-siding depends on the variable which is 
unknown. For example, if the thickness is unknown, find X in the "unknown" 
column, read to the right. Find that you should enter the table with 2 n , 
select the larger value of 2 n and leave the value of n corresponding to 
that larger value. 

7. Effect of Shield Position on Dose Rate. 


a. 


diagram 


Due to the scattering which occurs when a beam of gamma rays passes 
through a shield (Compton effect) there is an angular distribution 
to those radiations emerging from the shield. If the shield (see 
fig 1(a)) is placed close to the detector, a number of scattered 
radiations will contribute to the dose rate. If the shield is 
placed further away from the detector 



Figure 1. (a) Detector close to shield 



Detector 


(b) Shield further from detector 


a number of the scattered radiations detected when the shield was 
close to the meter now are not detected. This gives a lower dose 
rate than that seen originally. This phenomenon is known as dose 
rate buildup. 
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The equations discussed previously in paragraph 5 do not hold 
when the detector is close enough to the shield that dose rate 
buildup is observed. For this particular problem a correction 
must be made to account for dose rate buildup. The dose rate 
buildup factor "b" is applied to Equation (1) to obtain 

R = bR 0 e‘^ X (10) 

This buildup factor may be determined from charts in Pam 25. 
On pages 145-147, Pam 25, are the dose rate buildup factors for 
various materials. 

When a dose rate buildup chart is not available for a shielding 
material, an approximation may be made by substituting the 
value of fix. for b. However, if jjx is less than 1, use 1 for 
b (i.e. , ignore dose rate buildup). 

b. Another method for accounting for dose rate buildup is found 
in FM 3-8. This section is self-explanatory and contains an 
example problem which you should go through to insure your 
understanding of the method. 
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II. Student Performance Objectives and Notes. 

A. Given text, references, student notes, the radioisotope, 
number of curies, and specified shielding material, calcu¬ 
late the thickness of shielding material (or materials) 
necessary to reduce the dose rate to a given level. (Be 
capable of performing all types of basic shielding problems.) 

B. Using texts, references, student notes, a known unshielded 
dose rate, and radiac instruments, perform laboratory measure 
ment using various shielding materials to determine the half¬ 
thickness of these shielding materials. 

Notes: 
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Notes 



Notes 
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Notes: 
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III. Practice Problems. 

1. GIVEN: R = 
o 

X 

X l/2 

FIND: R 


2. GIVEN: R = 
o 

X 

R = 


FIND: 



2000 rad/hr 
31 cm 
4 cm 


1000 rad/hr 
27 cm 

7.60 rad/hr 
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3. GIVEN: 


FIND: 


4. GIVEN: 


FIND: 


R q = 1500 rad/hr 

X l/2 = 5 ' 5 ° m 

R = 3.5 rad/hr 

X 


X = 60 cm 


X l /2 
R = 


= 5*2 cm 

5 rad/hr 


R 


o 
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How much lead is necessary to reduce the gamma dose rate to 
2 rarad/hr at 4 meters from a 20 curie source of Cesium-137? 


What will the gamma dose rate at 3 meters from an 8'curie 
source of Iron-59 be if it is shielded by a 5 cm block of 
spent uranium? 



7. How much water fill must he used to insure the dose rate at 
the top of a 4 meter deep pit does not exceed 2 mrad/hr if a 
15 curie 60 c o source is placed in the bottom of the pit? 
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IV. 


Solution to Practice Problems. 


1 . 


Solve equation n = tt 

X l/2 

X _ 31 cm 

n X 1 y 2 1 "cm 


for n. 


7.75 


Enter 2 n Table in the n column and find n = 7.7 and 7-8. 

From the guide table select smaller n value of 7. 7. Read 

corresponding 2 n value of 206. Substitute R and this 2 n 
value in equation (l). 

R = -256 - = 9,71 rad / hr 

2. GIVEN: R q = 1000 rad/hr; X = 27 cm; R = 7*60 rad/hr 

X 1/2 ^ 

First solve R = — for 2 n . 

2 n 

ID 

^n o 1000 rad/hr 

2 = T = - 7.6 rad/hr = 132 

Enter 2 n table in 2 n column and find 2 n = 128 and 136. 


From guide table, select smaller 2 n of 128. Read corresponding 

n value of 7*0* Substitute X and this n value in equation (2). 


X 2 7 cm 
1/2 .n 7.0 


3.86 cm. 


3. GIVEN: R q = 1500 rad/hr; X^ = 5-5 cm; R = 3.5 rad/hr. 

FIND: X 

First solve equation (l) for 2 n . 

2 n = 1500 rad/hr = k 

3.5 rad/hr 

Enter 2 n Table in 2 n column and find 2 n = 415 and 445. From 

guide table, select larger 2 n of 445- Read the corresponding 
n value of 8.8. Substitute on this value in equation (2). 

X = nX^ 2 = (8.8)(5.5 cm) = 48.4 cm 
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4. GIVEN: 


X 


5.20 cm} R 


5.00 rad/hr. 


= 60.0 cm; X_i = 

2 

FIND: R 

o 


First solve equation (2) for n. 


X _ 60.0 cm 

Xi^ 5*20 cm 

2 


11.53 


Enter 2 n Table in n column and find n = 11.5 and 11.6. From 

Guide Table select large n value of 11.6. Read corresponding 2 
value of 3110* Substitute R value and this value in equation (l). 


R q = R2 n = (5.00 rad/hr)(3110) 


15>550 rad/hr 


5. 


R 

o 

R =2 mrad/hr 
X 

Xi = 

2 

137 

Find R q . Go to page 399 of Pam 25 - decay scheme for Cs. 
From the scheme E^ = O.6616 (93*5$>)• 

S = O.56 n CE 

s = (0.56)(0.935)(20)(0.6616) 

S = 6.93 rhm 


R 

o 


| = -i-fp- = 0.434 rad/hr or 434 mrad/hr 

d 2 (4) 2 16 


Find X±. Go to page 303 * Pam 25 - find most energetic gamma 
(> 3 %)? p/p for 0. 662 Mev in lead from page 138. 


d/p for 0.6 Mev = 0. 1250 

l^/p for 0.8 M ev = 0.0885 
0.2 Mev 0.0365 


0.662 

0.600 

0.062 


62 

200 


or 


31 

100 


0.31 
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6 . 


0.31 x 0.0365 = 0.0113 

(i/p for 0.6 Mev = 0.1250 

-0.0113 

0.1137 = M-/p for 0.662 Mev 

O 

p for lead = 11.35 gm/cirr (page 65 ) 

|i = |i/p x p = 0.1137 x 11.35 
p. = 1.29 cm 1 


0.693 = 0.693 
H 1.29 


Find X. 

p n = = 43j+ __ 

R 2 


n = 7.8 (using 


X = nXj^ 

2 

X = ( 7 . 8 ) (0.537 cm) 

X = 4.19 cm 


0.537 cm 


217 


large 2 n ) 


R 

o 

R 

X = 5 cm 


Xi = 


2 

Find R . 


E 

E 

E 


o 

71 

72 

73 


59 

Go to page 388 of Pam 25 - decay scheme for Fe. 
= 1.095 (53 i) 

= 1.292 ( 45 $) 

= 1.435 ( 1 . 1 $) not used < 3 $. 
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S . = 0.56 n CE 

71 

= (0.56)(0.53)( 8 )(1.095) 

= 2.599 or 2.6 rhm 

S 2 = 0.56 n CE 

= ( 0 . 56 )( 0 . 45 )( 8 )( 1 . 292 ) 
= 2.604 or 2.6 rhm 

S T = S 1 + S 2 

= 2.6 + 2.6 


S T = 5.2 rhm or 5200 mrhm 


R = % = 5200 = 520° = 578lOTaa/hr 

° d 2 (3) 2 9 

Find Xj^. Go to page 248, Pam 25 - find most energetic gamma 
(>3%)? u/p for 1.292 Mev - 

iVp for 1 Mev = 0.0776 1.292 

p./p for 1.5 Mev = 0.0548 1.000 

0.5 Mev 0.0228 0.292 

iiP - °-5» 

0.584 x 0.0228 = 0.0133 

0.0776 

-0.0133 

0.0643 = p/p for 1.292 Mev 

p for Uranium = 18.68 gm/cirr 

|! = |i/p x p = (0.0643) ( 18 . 68 ) 

n 0 -1 
p = 1.2 cm 


Xi 

2 


= 0,693 = 0, | 9 - ^ = 0.5775 cm or O .58 cm 

u 1.2 


Xi 

2 


5 

O .58 


= 8.62 
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smaller value - use 8 . 6 . 


385 


„ R o 578 mrad/hr 

R = ^ = 355- 

R = 1.5 mrad/hr 

T. E 0 - 

R =2 mrad/hr 
X 


Xi = 

2 

Find R q . Go to page 389? Pam 25. 

= 2.5057 (99 1o) 

S = O .56 n Ci E 

s = ( 0 . 56 )( 0 . 99 )( 15 )( 2 . 5057 ) 

S = 20.8 rhm 


R 


o 



20.8 

( 4) 2 


20.8 

16 


1.3 rad/hr or 1300 mrad/hr 


Find Xj^. Go to page 249, Pam 25 - 
(> 3 1o). p/p for 1.332 Mev - 

p/p for 1 Mev = O.O 7 O 7 

p/p for 1.5 Mev = 0.0575 

0.5 0.0132 


0.332 

0.5 


0.664 


0.0132 x 0.664 = O.OO 876 


0.07070 

-O.OO 876 

0.06194 = p/p for 1.332 


find most energetic gamma 

1.332 

- 1.000 

0.332 


Mev in water. 
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p for water 


O 

= 1 gm/cnr (page 66 , Pam 25) 

|i = p/p x p 

p = 0.06194 x 1 

p = 0.06194 cm ^ 

X i “ )J & 4 = n ' 2 ™ 

Find X. 

2 ” - £ - i 2§2 = 65 o 

n = 9-4 

Use larger value. 

X = nXi 
2 

x = (9.4 )(ii.2 ) 

X = 105 cm 

X = 1.05 meters of water in the pit. 
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STUDENT NO. 

CLASS _ 

DATE _ 

INSTRUCTOR 

SCORE 


SHIELDING PROPERTIES OF COMMON MATERIALS 



V. Laboratory Exercise. 

A, Instructions. 

1. The purpose of this exercise is to determine the half- 
thickness in centimeters and relative order of shielding 
ability for the materials listed on the Data Sheet. 

2. Perform a pre-operation check of the radiacmeters, and turn 
the selector switch to the 0 to 50 mrad/hr scale. 

3. The radioactive source is located in the center of the 
shielding device. There are twelve arms on the shielding 
device, each arm has a carrying hook on the bottom for 
holding the various shields. Place the radiacmeter on 
the floor under one of the arms. Move the radiacmeter 
until an unshielded reading of 40 mrad/hr is obtained. 

Enter this as the unshielded dose rate (R q ) on your 

data sheet. 

4. Place a shield on the carrying hook and move it until 
the shield is close to the meter. Adjust the turnbuckle 
on the arm support cable, if necessary, until the shield 
almost touches the floor. 

5. Move the shield slowly away from the meter observing the 
meter dial continuously. Note the m inimum reading 
obtained while the shield traverses the length of the 
shielding device arm. Record this minimum reading as 
the shielded dose rate (R) on your data sheet. Obtain¬ 
ing a minimum reading helps minimize effects due to 
dose rate buildup and scattering from the surroundings. 

6 . Using a meter stick or rule,measure the shield thickness in 
centimeters and enter it in your data sheet under (X). 

In measuring the thickness of the shields, include the 
thickness of lucite containers for sand and water. 

These lucite containers have a minimal thickness; there¬ 
fore, it is more correct to measure them than to neglect 
them. 
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B 


Data 


Instrument 

Instrument 

DATA SHEET - SHIELDING 

Type Date 

Serial No. 

SHIELDING 

MATERIAL 

(R 0 ) 

UNSHIELDED 

DOSE RATE 

(R) 

SHIELDED 

DOSE RATE 

■ - 

pg||g 

UNITS 

mrad/hr 









LEAD 





WOOD 





STEEL 





CONCRETE 





SAND 





WATER 





ALUMINUM 





LUCITE 






What is the relative order of shielding ability of the materials tested? 


Lead 

Wood 

Steel 

Concrete 

Sand 

Water 

Aluminum 

Lucite 
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C. Homework Problems. 

These problems will be turned in with the Laboratory Exercise as a 
portion of the gr ade d requirement for this course. 

SECTION I - Problems using 2 n Procedure 


1. It is desired to construct a wall of reinforced concrete to 
provide shielding for certain instrumentation in a reactor 
room. The unshielded dose rate at the position to be occu¬ 
pied by the instruments is 200 rad/hr when the reactor is in 
operation. It is desired to reduce this reading to 100 mrad/hr. 

a. What is the thickness of concrete necessary to provide this 
shielding if the half-thickness of concrete is 10 cm? 


"b. What would the dose rate be if 6 feet of concrete were used? 


c. Suppose a layer of the wall could be made of lead plate 

2 cm thick. What thickness of concrete would be necessary 
in addition to the lead to meet the original requirement? 
(X -^^2 l ea d = 1 cm) 
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2 . 


A radioactive source ( 5 rhm) is being stored in a lead- 
walled cave. How thick must these walls be so that the 
dose rate 1.5 meters from the source is such that the area 
beyond this distance will not have to be marked "high radia¬ 
tion area" (see Title 10)? X-^lead = 1 cm. 


3- The dose rate at a point 1.75 meters from a radioactive 

source is 1600 mrad/hr. If a wall 60 cm thick is erected 
90 cm from the source, what will be the dose rate at 1.75 
meters if the half-thickness of the wall material is 20 cm? 
(Neglect dose rate buildup.) 
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4. A man standing 5 meters from the outside of a storage vault 
receives a dose rate of 18 mrad/hr. How many centimeters of 
concrete must be added to the shield such that the dose rate 
he receives will be reduced to 0.8 mrad/hr? Assume half¬ 
thickness of concrete = 7.5 cm. 


5. You are required to build a vault to store Co. The outside 

face of the vault wall must be 4 meters from the source. The 
unshielded dose rate at 4- meters from the source is 5 rad/hr. 

The wall must be capable of reducing the dose rate to 5 mrad/hr 
at the outside face of the wall. You have on hand concrete 
blocks 9 cm thick, and loose sand. You decide to build a double 
wall of concrete blocks to be filled in with sand. How thick 
(in centimeters) must the layer of sand be? (Neglect dose 
rate buildup.) 

ASSUME: Half-thickness of concrete = 7-5 cm 

Half-thickness of sand = 12.5 cm 
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6 . What is the half-thickness of air for 1 mev gamma radiation? 


GIVEN: Density of air = 1.3 x 10"3 (gm/cm3) 


Mass attenuation coefficient 


0 . 06 l (cm 2 /gin) 


7. You are planning a hot cell to handle gamma emitters in the 
0.1-5 Mev energy range. The largest sources to be handled 
will be 5000 rhm and the nearest they will come to the in¬ 
side of the wall will be 50 cm. Neglecting dose buildup, 
the dose rate 2 meters from the inner surface of the wall must 
not exceed 5 mrad/hr. The inner portion of the wall will be 
a 2 cm thick sheath of lead. The rest of the wall will be of 
concrete of density 2.8 gra/cm3. How thick must the concrete 
be? (Use table on page 139, Pam 25, for concrete, use table 
on page 138 for lead.) 
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Notes 
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8 


As radiological safety officers, you have been given 
an unknown single radionuclide. Upon receipt, one of 
your assistants measured the dose rate, unshielded, as 
being 9 Q 0 mrad/hr at a distance of 2 meters. Six days 
later another of your assistants measures the dose rate 
as 160 mrad/hr at a distance of 3 meters. What is the 
half-life of this radionuclide? 


348 



Notes: 




SCINTILLATION INSTRUMENTS 


I 


DF241 





DF241, SCINTILLATION INSTRUMENTS 


I. Reference: ST 3-155 , Chapter 9* 

II. Lesson Objectives and Notes. 

A. Explain the theory of scintillation. 

B. Describe scintillation instrument capabilities and limitations. 
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Notes: 


} 
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Notes 
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Notes 


III. Handouts: 

1. Definition of Terms 

2. Vu-Graphs 

IV. Problems: None. 

V. Solutions: None. 



Definition of Terms Used in 
Scintillation Detection of Radiation 

1. Scintillation - physically emits sparks. 

2. Luminescence- release of absorbed energy in the form of ultraviolet 
light, visible light, or infrared radiation. 

3. Fluorescence - luminescence that occurs within 1 x 10"° sec after 
the absorption of energy. 

4. Phosphorescence - luminescence that occurs after 1 x 10"^ sec (and 
may be as long as several days) after the absorption of energy. 

5 . Chemiluminescence - chemical absorption of energy later released as 
light. 

6. Bioluminescence - chemiluminescence in living organisms, i.e., firefly. 

7 . Photoluminescence - absorption of ultraviolet light, visible light, 
or infrared radiation later released as light. 

8. Radioluminescence or Roentgenoluminescence - X or gamma radiation 
absorption later emitted as light. 

9 . Triboluminescence - absorption of energy from grinding or friction 
later emitted as light. 

10. Thermal Luminescence - absorption of heat later emitted as light. 

11. Thermoluminescence - process of emitting absorbed energy when heat 
is applied to the material. 

12. Activator - impurity added to luminescent material to shift the 
electromagnetic emission from the ultraviolet to the visible light 
range. An example is Thallium in Sodium iodide and is indicated 
as Nal (Tl). 

13. Photoelectron - electron that receives all the energy of gamma or 
X radiation. 

14. Ground State of Electron - normal energy level of electron. 

15 . Excited State of Electron - permitted higher energy level of an 
electron but still not an ion state. 

16. Photomultiplier Tube - an electron tube with a light sensitive 
cathode used to detect light. 
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IT- Photocathode - the light sensitive cathode of a photomultiplier tube. 
Cesium antimony is an example. 

18. Dynode - electronic part of photomultiplier tube that performs both 
as a cathode and anode. 
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PHOTOMULTIPLIER TUBE 



Sodium Iodide 
Crystal 

Light Photon 

Photocathode 

Aluminum 

Electrons 

Grid 

Focusing Shield 


Dynodes 


Glass Envelope 


Path of 
Electrons 


First Dynode 
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Last Dynode 
Anode 








































PHOTOMULTIPLIER TUBE 



Glass Envelope 

Path of 
Electrons 


First Dynode 


Dynodes 


Sodium Iodide 
Crystal 


Light Photon 
Photocathode 
Aluminum 


Focusing Shield 


Last Dynode 
Anode 
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ALPHA INSTRUMENTS 





DF250, ALPHA INSTRUMENTS 

I. Reference: ST 3-T55, Chapter 10, Appendix I, Section C 8s D, 
Appendix TV, V, and VI . 

II. Lesson Objectives and Notes: 

A. Characteristics of alpha contamination. 

B. Alpha instruments and their use. 

C. Methods of reporting levels of alpha contamination. 
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Notes 
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Notes: 
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Notes: 
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RADIAC SET AN/PDR-60 WITH CARRYING CASE 



362 


C359-65 













Note s: 
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COMPONENTS OF RADIAC SET AN/PDR-60 
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Check Source 



Notes: 
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HI. Laboratory Exercise: Hone 
IV. Problem. 

Class and Home Study Problem. 

The following readings were obtained by monitors at an accident site. 
What are the levels of alpha contamination for each reading? 

Type of Meter wg^39pu 



Instrument 

Surface 

Reading 

a. 

IM-170 

Soil 

204,000 cpm 

b. 

IM-170 

Wood floor 

1,030,000 cpm 

c. 

IM-170 

Jeep hood 

1,3^0,000 cpm 

d. 

IM-170 

Hard surface 
road 

952,000 cpm 
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Solution to Problem. 


Solution to Class and Home Study Problem. 
239 

General: ^ = R(CF) 

m2 

■where R = Meter Reading 

CF = Correction Factor 
therefore: 


u g2 39p u 



Correction Factors* 

Meter Reading 

M2 

a. 

1 

170 

204,000 

1,200 

b. 

1 

2^0 

1 , 080,000 

4,500 

c. 

T^O 

1,340,000 

3,350 

d. 

1 

200 

952,000 

4,760 


^Obtained from Table 1-2, ST 3 - 155 . 




THE ARMY RAD I AC 
CALIBRATION 
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DF260, THE ARMY INSTRUMENT CALIBRATION SYSTEM 
I. Reference and Discussion. 

A. Reference: ST 3-155 j para l4.4-l4.7, App I, para E. 

B. Discussion: 

In the event of a nuclear war the field commander will need information 
concerning the amount of radiological contamination in his area of 
operations. This information will come from numerous survey and moni¬ 
toring teams. It will be of little value if the radiac instruments 
used to measure the dose rate due to the contamination do not give 
•readings which are correct within certain acceptable limits. 

Radiac instruments, like all electronic instruments, require periodic 
calibration. In the case of radiac instruments, the causes of in¬ 
correct readings may be broken into three general categories: environ¬ 
mental, electronic, and radiological. 

Environmental causes of error, or loss of calibration, are a result of 
atmospheric conditions and the way in which a meter is used. Shaking 
or vibrating may cause a meter to lose its calibration. Rough treat¬ 
ment may cause mechanical vibrations within the meter. The response 
of radiac instruments may be affected by temperature, humidity, and 
atmospheric pressure. Military specifications for Army radiac instru¬ 
ments require that they give a linear (the same) response in all 
temperature, pressure, and moisture conditions in which the instrument 
might be conceivably expected to exist or operate. 

Errors which are considered to be due to a radiological phenomena may 
be due to different energies and types of radiation. Specifications 
for military gamma radiation intensity measuring instruments require 
that they give a linear response (the same reading) for all energies 
of gamma radiation between 80 kev and 4 mev which is the expected range 
of energies of fission products. 

In order to correct for errors which come* about in the handling and 
storage of radiac instruments, they should be calibrated periodically. 

The Army system for calibration of radiac instruments consists of a 
series of reference and transfer standards. All standards and radiac 
instruments are referred to the National Primary Standard at the 
National Bureau of Standards through the Army Primary Reference Stand¬ 
ard. The Army Primary Reference Standard is a 500 curie cobalt-60 
source maintained at Lexington Army Depot. Secondary reference stand¬ 
ards are located at Sacramento Army Depot and several oversea depots. 
The standard at Sacramento is a 500 curie cobalt-60 source. Those in 
oversea depots are AN/UDM-lA’s. 
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Notes* 
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Notes: 



Notes: 


II. 

Handouts: 

None. 

III. 

Problems: 

None. 

IV. 

Solutions: 

None 




NUCLEAR REACTORS 


DF270 





DF270, NUCLEAR REACTORS 


I. References: 

Kaplan's, "Nuclear Physics," chapters 19, 20, 21; Jacobowitz’s, 
Fundamentals of Nuclear Energy and Power Reactors," chapters 2, 3, 
and 5; ST 3 - 155 , para 2.9. 
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II. Discussion 


Definition: Reactor - a device in which a controlled nuclear chain 
reaction is taking place. 

A. Physics of the Reactor. 

1. Fission Reaction: 

2 35u + 1 n -> 2 ff + 2.5 L n + 180 Mev 

92 o o 

2 3pPu + L n -» 2 ff + 2.9 L n + 200 Mev 

94 o o 

Energy Distribution in Fission Reaction. 


KE of ff 

168 

Mev 

KE of 1 n 

0 

5 

Mev 

KE 7 rays 

7 

Mev 

P from ff 

7 

Mev 

7 from ff 

6 

Mev 

Neutron cap y's 

7 

Mev 


~ 200 Mev 
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2 . 


Chain Reaction - occurs when fission reactions produce enough 
neutrons capable of causing fission to other nuclei. 


Multiplication factor: K 


no of neutrons in 2d generation 
no of neutrons in 1st generation 


Chain Reaction Characteristics: 


Condition of Mass 

Characteristics 

Use 

Subcritical, K < 1 

Chain reactor 
decreases to zero 

None 

Critical, K = 1 

Just sustains chain 
reaction at a con¬ 
stant number of 
fissions per unit time 

Reactor 

Supercritical, K > 1 

Sustains increasing 
chain reaction 

Weapons 


Neutrons may be prevented from causing fission by: 

a. Non-fission capture by uranium. 

b. Non-fission capture by other materials. 

c. Leakage; i.e., escape from the core. 
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B. 


Essential Features of a Nuclear Reactor. 


1. Fuel: Material which will undergo fission in the reactor. 


Fissionable Fuel : Materials which will undergo fission 
with thermal neutrons - 


233 

92 


U, 


235 

92 


U, 


239 

94 


Pu 


Fertile Fuels : Materials which, by the absorption of 
neutrons, become fissionable fuels - 


238 U 232 Th 

92 ’ 90 


Production of fissionable fuel from fertile fuel: 


and 


238 

92 

♦ 4 - 

0 



23 min 



> 

2.3 days 

239- 

94' 

232 T h 

90 

♦ - 

0 


233 T h 

90 

- 233 Pa 

91 

+ 

233 Pa 

9l Pa 

- 233 U 

92 

+ -? e 


Moderator: Material used to slow fast neutrons to thermal 
velocities. 

Slowing power of moderator: Ratio of slowing ability to 
absorbing ability - 5 g /& a . 

h 2 o - 65 

DO - 4860 
2 

Be - 150 

C - 120 
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3. Control Method: Means by which the rate of fission, and thereby 
the power output, of the reactor is regulated. 

Methods of control: 

Control rods (most common method) 

Liquid control (primarily a safety control) 

Removal or addition of fuel 

Movement of a neutron reflector 

4. Coolant - Material circulated around core for removal of heat. 

Coolant t.yp^s: 

Liquid - (water) 

Liquid Metal - (Sodium) 

Gas - (CO ) 

Organic Compounds 

Coolants - Desirable Characteristics: 

Low melting point - remains fluid 

High boiling points 

Good thermal stability 

Compatability with other parts 

Low induced radioactivity 

Low neutron absorption 

Good radiation stability 

Moderator power to suit reactor 
(may serve double purpose) 

5. Shielding - Material used to protect workers and equipment frcm 
radiation released during the fission process. 
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C. Classification, of Reactors. 

Type of arrangement of fuel: 

Heterogeneous - moderator and fuel in regular arrangement 

Hemogenous - moderator and fuel mixed. 

Moderator type: 

Graphic 

d 2 o 

Beryllium 

Coolant used: 

Water - pressurized 
- boiling 

Liquid metal 

Gas 

Organic material 
Neutron energies: 

Thermal (slow) 

Intermediate 

Fast 

Purpose: 

Research 

Isotope production 
Materials testing 
Neutron source 
Experimental 
Production (breeding) 
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Power 


Electrical 

Propulsion 

Stationary 

Mobile 

Dual purpose (having two of the above uses) 
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Types Discussed, 
a. Research Reactors. 


POOL REACTOR 


Movable Bridge 



TAIK REACTOR 



Cooling Water 








b 


Breeder Reactors 


Graphite Pile Reactor. 


GRAPHIC REACTOR 



COMPARISON OF CONVENTIONAL AND NUCLEAR POWER PLANTS 




380 





Power Reactors. 


c. 

(l) Pressurized water reactors. 

PRESSURIZED WATER REACTOR 



(a) A dvant ages. 

Single fluid coolant, moderator, reflector. 

Water cheap, available. 

only radioactive problem. 

Small critical mass needed. 

Fission products contained. 

Water technology known. 

(b) Pis advantages. 

High pressure in primary loop. 

Poor thermodynamic efficiency. 

Complex plumbing. 

Corrosion problem. 

Neutron economy poor. 

Shutdown for reloading. 

Water reacts with U, Th and structural materials. 

Fuel element design and use of control rods difficult. 
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(2) Boiling Water Reactors. 


BOILING WATER REACTOR 



(a) Adv an tag es. 

Same advantage as pressurized water reactor. 
Single loop. 

Lower pressure levels. 

Lower temperature levels. 

(b) Disa dvantages. 

Most disadvantages of pressurized water reactor. 
Turbine may require shielding. 

Reactivity lifetime short. 
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(3) Dual Cycle Plants. 


DUAL CYCLE PLANT 


STEAM LINE 



& SAFETY RODS 
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(4) Sodium Cooled Reactors. 

SODIUM COOLED REACTOR 

mwrf 



(a) Advantag es. 

High temperature with low pressures. 

Heat removal very efficient. 

Super heater steam possible. 

(b) Dis adv ant ages . 

Sodium reacts violently with wafer. 

Large core needed. 

Sodium becomes radioactive. 

Intermediate loop needed. 

Coolant will freeze at room temperature. 

(5) Gas Cooled Reactors - use gas for coolant. (C0 p and 

He are popular.) ^ 

(6) Liquid Fuel Reactors. 

(a) Salt of uranium dissolved in H p 0. 

(b) Uranium and bismuth mixed in molten state. 
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SOME NUCLEAR POWER PLANTS 
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Boiling Reactor Nuclear Superheat Project Punta Higuera, Boiling water, 

Puerto Rico integral nuclear 

superheat 16,500 1964 



3. Military Reactors. 


Nomenclature on Military Reactors 


1st Letter - degree of mobility 
S - stationary 
P - portable 
M - mobile 


2d. Letter - Power range 
I) - low 
M - medium 


H - high 


100 - 1000 kw 
1000 - 10,000 kw 
10,000 or more kw 


Arabic numeral indicates order of initiation of plants with 
same first two letters. 


Capital letter following numerical indicates order of initiation 

of field plants of same type. 


Some Military Reactors in Operation 


SM-1 (Ft Belvoir, VA) 

SM-1A (Ft Greely, AL) 

PM-3A (McMurdo Sound, ART) 

MH-LA (Mobile) 

ML-1 (Mobile) 


Prototype and training- plant 

t 

t 

l 

| ASC and 
; .Army 

I 

1 

Base power supply 

i 

| Army 

i 

Power supply for base at ( 

remote location 

Navy 

Floating nuclear power plant 

AEG and 

to supply power for off-shore j 
to land base | 

00 D 

i 

Trailer mounted prototype for 

AFC and 

field use 

| Army 
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D. Reactor Safety. 

1. Basic Safety Principle: 

a. Prevent accidents. 

P revention 

Core and design 
Natural laws used to advantage 
Automatic safety controls 
Trained personnel 

b. Contain radioactivity in the event of an accident. 
Containment 

1st Defense Puel cladding 

2d Defense Location in remote areas 

3d Defense Containment shell 

2. Everyday Reactor Safety. 

a. Worker. 

Disposal of burned fuel 

Check for contaminants in coolant and ventilation 
systems 

Monitoring throughout plant 
Radiation exposure levels observed 

b. Public. 

Discharges from plant monitored (i.e., air, water, 
sewage) 

Areas surrounding plant monitored 


388 




Notes 


III. 

IV. 

V. 


Handouts: 
Problems: 
Solutions: 


None 

None 

None 
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I 


BETA PARTICLE CONSIDERATIONS 


DF290 





DF290, BETA PARTICLE CONSIDERATIONS 


I. Discussion. 

Beta particles are readily absorbed in solid media. As a result of this 
absorption, or attenuation, high energy electromagnetic radiation is pro¬ 
duced. Like gamma radiation, it is hazardous and must be considered when 
handling and storing beta emitting radioisotopes. 

Beta radiation is produced by the decay of a nuclear particle. Beta 
particles may be either negatively or positively charged, depending on 


whether a neutron or 

proton decays. 


1 

1 P - 

1 

n 

0 

+ +i e + V + Q 

(P + decay) 

1 

n -> 

0 

1 

1 P 

+ _°e + v + Q 

(P decay) 


We will consider each type of beta decay separately. 

A. 3 Decay. 

A positively charged beta particle results from the decay of a 
proton. As the |3 + particle loses its kinetic energy and becomes 
thermalized, it will undergo an annihilation reaction with an 
electron. The process of electron-positron annihilation is called 
pair annihilation and results in the production of two photons, each 
with 0.511 Mev energy. The shielding material which stops the beta 
radiation acts as a source of 0.511 Mev electromagnetic radiation. 
This e-m radiation is as hazardous as gamma radiation and must be 
shielded against. 

In order to calculate the total amount of shielding necessary to 
attenuate both the beta radiation and the electromagnetic radia¬ 
tion, the following procedure will be used. 

1. Determine the maximum beta energy (E ft ) using the Table of 

Isotopes, Pam 25. Pmax 

2. Determine the range (R) of this maximum beta particle using 
the Range Energy Curve on page 123 of Pam 25. 

3. Determine thickness (Xp) of shielding material required to 
stop the most energetic beta particle. 

= — (p values listed on pages 65-66, Pam 25) 

p P absorber 
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4. Determine the source strength of the electromagnetic radiation 
produced by the electron-positron annihilation. 

S = (2)(0.56)nCE (where E = 0.511 Mev).*. S = 0.572 nC 

ann ann 

NOTE: Two photons, each with an energy of 0.511 Mev, are produced in 

pair annihilation. Therefore, we must consider shielding for two 
photons for each positron given off by the source. This is why 
the source strength formula is multiplied by 2. 

The contribution of each beta transition must be considered. 

5. Determine an unshielded dose rate at a desired location. 


where d is distance measured from edge of beta shield. 

6 . Determine the half-thickness (X_i) of the shield. Use table (pages 
137-139? Pam 25) to determine pfp (enter with E = 0.511), then 


7. 


and 


x i 

2 


— x p absorber 
P 

0.693 


Solve shielding problem using 2 


n 


method with: 


from Step 5* 

X_i from Step 6. 

2 

Either X or R must be given. 

Solve using 2 n Tables. 

The total thickness of material necessary will be a combination 
of the beta shield (X^) and the e-m shield (from Step 7). 

B. (3 Decay. 

A (3 particle is a high speed electron resulting from the decay of a 
neutron. This high speed electron may interact with matter in three 
general ways. 
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1. Collision with an outer electron. The high speed electrons 

may collide with one of the outer electrons of an atom within the 
target. This orbital electron will be knocked from the atom result¬ 
ing in ionization. The energy absorbed by ionization is given off 
as heat and light. This interaction will not produce electromagnetic 
radiation and is of no significance for this class. 

2. Collision with an inner electron. The electron may penetrate the 
outer electron cloud of a target atom and collide with one of the 
electrons in an inner shell. This inner electron will be knocked 
from the atom and an electron from an outer shell will fall into 
its place. Energy absorbed in the process of knocking out these 
internal electrons is given off in the form of X-rays which are 
characteristic of the absorbing material. This interaction will 
not produce significantly harmful radiation. 

3. Attraction to the nucleus. If a high speed electron penetrates the 
electron cloud without colliding with one of the electrons, it experi¬ 
ences a coulombic attraction toward the nucleus. This attraction 
slows down the high speed electron or causes it to be deviated from 
its path, causing an overall linear deceleration, reducing the kinetic 
energy of the electron. The energy lost is given off in the form of 
electromagnetic radiation which differs from gamma radiation in 
origin only and is known as bremsstrahlung. The word is of German 
origin (brem, to apply the brake; strahlung, radiation). Bremsstrah¬ 
lung is sometimes called braking radiation. 

If an electron has a kinetic energy of less than 0.1 Mev, it is not 
energetic enough to penetrate the outer electron cloud of an atom. 
Therefore, only electrons or beta particles of kinetic energy greater 
than 0.1 Mev can cause bremsstrahlung. 

Bremsstrahlung has a continuous spectrum. Not all electrons are slowed 
to the same degree, and therefore, the kinetic energy lost and energy 
of electromagnetic radiation given off varies with the conditions. The 
energy of the emitted radiation depends on the Z number of the absorber, 
the original energy of the high speed electron (or beta particle) and 
the proximity of the high speed electron to the nucleus of the absorber. 

The larger the Z number of the absorber, the greater is the attraction 
of the high speed electron to the absorber nucleus, and the more energetic 
is the bremsstrahlung emitted due to the slowing down of the electron. 



The maximum energy of the bremsstrahlung resulting from the attenuation 
of an electron or beta particle is the energy of the electron or beta 
particle which is attenuated. The absorption of low energy betas cannot 
produce high energy bremsstrahlung. The closer the electron passes to 
the nucleus, the greater the attraction to the nucleus, and the more 
energetic the resulting bremsstrahlung. 


Of all beta particles or high speed electrons which are absorbed by a 
medium, only a small fraction is attenuated to result in bremsstrahlung. 
This fraction may be determined using the expression: 

_4 

f = 3.3 X 10 ZE 3 

where f is the fraction of particles absorbed to give off bremsstrahlung 
Z is the Z number of the absorber 


Ep is the maximum energy of the beta given off in a specific 
nuclear transition. 


Since the resultant radiation is like gamma radiation, its source strength 
may be calculated using the equation: 


S 

wher e S 
n 


or 


Q.56 nC b E p 

source strength in rhm. 

fraction of times particles undergo disintegration to 
yield beta with maximum energy E^. 

maximum energy of the beta particle for each nuclear 
transition. 

number of curies of beta emitter resulting in bremsstrahlung. 
Cf 

where c is total number of curies of beta emitter. 


Therefore: S = O .56 nCE Q f 

P 

-4 ? 

Substituting for f: S = I .85 x 10 n(Ep) CZ. 
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If the beta emitter disintegrates by more than one route, the contri¬ 
bution of each beta decay must be considered. For radioisotopes which 
are both beta and gamma emitters, the source strength contribution of 
both the bremsstrahlung and gamma must be considered. Several conventions 
may be established to make the source strength calculations less tedious. 


1. When the maximum energy of the beta particle is less than 0.1 Mev, 

any bremsstrahlung produced is insignificant. 

Bremsstrahlung produced by betas of energy greater than 0.1 Mev is 
significant. 

Bremsstrahlung produced by positrons (3 ) will be considered using 
the same rules as for beta particles. 

In order to produce bremsstrahlung, beta particles must be absorbed. 

Therefore, an important part of a calculation of bremsstrahlung is the 
determination of the thickness of shield required to stop the beta 
particles. This is determined by finding the maximum energy of the beta 
particles emitted (Ep); its range, using Sargent's rule, Feather's rule 
(page 29, Pam 25), or graphs (page 123, Pam 25); and finally, the thick¬ 
ness of shielding material required to stop this most energetic beta. 

Once the bremsstrahlung source strength has been determined, the shield¬ 
ing required to bring the dose rate to a given value at a given point 
may be determined in the same manner as with gamma sources using Total 
Mass Attenuation Coefficient Tables. When entering this table, one uses 
an energy for bremsstrahlung of one-half of the maximum beta particle 

E P 

energy 


2 . 

3- 


If the bremsstrahlung is associated with gamma, the mass attenuation 

tables are entered with one-half the maximum beta energy or the highest 
gamma energy, whichever is the larger. 

A procedure which may be used in bremsstrahlung calculations is: 


1. Determine the maximum beta energy using the Table of Isotopes, 

Pam 25. 

2. Determine the range of this beta (R) using Feather's rule, Sargent's 
rule or Beta Particle Range, Energy Curve (page 123, Pam 25). 

3. Determine thickness of shielding material required to stop the most 

energetic beta (X^ = —, p values are listed on pages 65-66, Pam 25). 


394 



4. Determine the source strength of bremsstrahlung produced during 

stopping of beta. 

_1± p 

S = 1.85 x 10 nCZ(E Q ) 

P 

Z values are listed on page 65, 68, or page just before the Table 
of Isotopes in Pam 25. 

The contribution of each beta transition must be considered. 

5. Determine an unshielded dose rate at a desired location. 


R = 


6. Determine half-thickness (xO of shield using — - of emitted 

2 c - 

beta radiation. Use table (page 137-139) to determine p/p corres- 
E 

ponding to —. Then Xj^ = where p = p/p x p. 

d 2 P 


7. Solve shielding problem using 2 method with 


R = —r (From Step 

o ,2 

d 

X^l = (From Step 

2 M- 

Either R or X must be given. 

Solve for unknown using 2 n tables. 


5) 

6 ) 


NOTE: If the source emits beta, positrons and gamma, then the half¬ 
thickness will be determined by 

0 max 

———, E , or 0.511 Mev, which ever is greater; and total 

d. 

source strength (S = S + S + S ) must be used to 

T Brem 7 ann 

calculate the unshielded dose rate, R Q . 

8. Determine Xj^ of shield using either ^™ ax , or E , or 0.511 Mev, 

2 <— /ItflElX 

whichever is greater. Same as Step 6. 
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9. Solve shielding problem using 2 n method, with 


^o " ~2 (From Step 5) 


Xi = (From Step 8) 

2 ^ 

Either R or X must be given. 

Solve for unknown using 2 n tables. 

The following procedures will be used for energy determinations to solve 

bremsstrahlung problems. 

1. Bremsstrahlung cannot be calculated for an isotope unless it has a 
decay scheme in Table II, Table of Isotopes, Pam 25. (Decay schemes 
not listed in Pam 25 can be found in the book " Table of Isotopes ," 
by C. M. Lederer, J. M. Hollander, and I. Perlman, 6th Edition, 

published by John Wiley and Son, Inc., New York, 1967. 

2. The beta energies will be taken from the tabulated data in Table II, 
Table of Isotopes, Pam 25* 

3. The percentages of each of the beta energies will be obtained from 
the decay scheme in Table II, Table of Isotopes, Pam 25* If no 
percentages are given in the decay scheme, then use those given in 
tabulated data, Table II, Table of Isotopes, Pam 25. 

4. Neglect all decays which occur less than 3% of the time. 

5. Gamma percentages and energies will be obtained from the decay 
scheme (use total drop) in Table II, Table of Isotopes, Pam 25. If 
no percentages are given in the decay scheme, then use the percen¬ 
tages given in tabulated data, Table II, Table of Isotopes, Pam 25, 
for the beta particle which decayed to that gamma energy level. 

C. Bremsstrahlung Radiation. 

According to the classical electromagnetic theory, any charged particle 
which undergoes an acceleration emits radiant energy. The acceleration 
of a particle is inversely proportional to its mass. As we have already 
discussed in (3 - considerations, an electron in the Coulomb field of a 
nucleus can experience a large acceleration by virtue of its small mass. 
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The bremsstrahlung effect is charge independent. Positively charged 
particles will produce braking radiation. Therefore, we consider 
bremsstrahlung and annihilation radiation when dealing with positrons. 

Bremsstrahlung does not become important in the energy loss of heavy 
particles until the Bev energy range is reached. At these energies, 
the particles can approach the scattering nuclei more closely and thereby 
experience larger forces which compensate for the increased mass. How¬ 
ever, heavy particles can only be accelerated up to the Bev energy range 
with the largest particle accelerators. Bremsstrahlung will not be a 
problem with heavy particles produced by normal radioactive decay. 

II. Lesson Objectives and Notes: 

A. Shielding of beta particles. 

+ 

B. 3 decay. 

C. 3 decay. 

D. Bremsstrahlung computations. 
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Notes: 
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III. Handouts: 


Vu-Graph Material 

CHARACTERISTICS OF 7, X-RAY, AND BREMSSTRAHLUNG 


Type 

Energy 

Spectrum 

Source 

Characteristics 

Gamma 

Discrete 

Nucleus 

Of element nucleus 

Brems strahlung 

Spectral 

Fast charged 
particle 

Of particle velocity 
and charge of nucleus 

X-ray 

Discrete 

Orbital 

electron 

Of element electron 

structure 
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IV. Problems. 


1. What thickness of lucite is required to stop the beta particles 

from a one-curie source of 32po Calculate the bremsstrahlung dose 
rate at 20 cm produced by using this shield. Density of lucite is 
1.2 gm/cm^ and its Z number = 3*6. 
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2 . 


How much lead is required in Problem 1, in addition to the lucite, 
to reduce the dose rate reading to 5 mrad/hr at 20 cm? 
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3. What thickness of lead is required to stop the beta particles and 

reduce the bremsstrahlung dose reading to 5 mrad/hr at 20 cm from 
a one-curie source of ^P? (This problem is similar to Problem 1 
and 2 , but lead is used instead of lucite to stop the beta parti¬ 
cles. ) 
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4. You are designing an iron container for a 2 %a salt used in medical 
research. A maximum of 2 curies of will be in the container at 

any one time. How thick must the container wall be to reduce the 
dose rate to 1 mrad/hr at 1 meter from the outside surface of the 
container? 
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5. 


You have received a 63 ni beta check source. Compute the thickness 
of lead shielding necessary to reduce the dose rate to one mrad/hr 

at 1 meter from the source. The source has an activity of 5 curies. 
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6 . One hundred millicuries of 198 Au is used for each decontamination 

exercise conducted in Scaler Lab T, USAOC&S. is shipped in 

a polyethylene container shielded with lead. The density of poly¬ 
ethylene is 0.92 gm/cm^ and its Z = 2 . 667 . 

a. How much polyethylene is required to stop all beta radiation? 
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6. b. How much lead is necessary to reduce the dose rate to 10 mrad/hr 
at 1 meter from the source? 
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7- 


a. 


What thickness of A1 will stop the beta from a 25 mCi source 
of 90sr - 90y (pure beta emitter)? 


b. What will be the dose rate at 15 cm from the source in part a? 
In calculating source strength, assume 25 mCi of 90sr and 
25 mCi of 90 y . 
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7. c. What will be the dose rate at 15 cm after inserting a 2.2 cm 
lead shield in addition to the aluminum? (This situation 
corresponds closely to that in the TS-784( )/PD.) 


d. 


How many hours per week can a military operator work 15 cm 
from this source? (MPE = 300 mrad/week) 
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8 . 


How much lead is necessary to ship 5 curies of Kr and not exceed 
10 mrad/hr 1 meter from the source? 


409 



9. The calibrator AN/UDM-1A uses a 137 Cs source with an activity of 
120 curies. How much lead is required to reduce the dose rate 
to 10 mrad/hr at 1 meter? 
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V. 


Solutions. 


1. Given 32p source; calculate R. at 20 cm. 

orem 


C = ICi 
d = 20 cm 


(4) 


p lucite = 1 ‘ 2 g / cm ' 

Z lucite = 3,6 


(1) E d = 1.708 (page 383, Pam 25) (100$) 

P 

(2) Range = 780 mg/cm 2 (page 123> Pam 25) 

P lucite = 1,2 g / cm3 = 1200 m ^ crt ^ 

(3) x = * - -E2 

p 


1200 

x = 0.65 cm lucite 


-4 2 

S,_ = 1.85 x 10 CE Q Zn 

brem P 

- 1.85 x 10" 4 (l)(l.708) 2 (3.6 )(l) 

= 1.943 x 10 3 rhm = 1.943 mrhm 


(5) R = ~p 
d 


= 1.943 _ 1.9 43 

( 0 . 2) 2 ~ 0 •°4 

= 48.6 mrad/hr - ANSWER 


Given 32p source; calculate thickness of lead required to reduce 
R to 5 mrad/hr at 20 cm. 


C = ICi 
d = 20 cm 


head = U ' 35 g/cr “ 3 


R = 48.6 mrad/hr (from Problem l) 


Isas = idl°8 = 0.854 Mev 
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2. (Cont) 


Kev 


cm 2 /g 


( fBOO 
54 - 


2004 


^54 
L 1000 


x 


0.0885 

M-/p J 

0.0708 J 


LQ.0177 


54 

200 


0.0177 
X = 0.0048 


11 /p = 0.0885 - 0.0048 = 0.0837 cm 2 /g 


p pb = 11.35 g/cm 3 (page 65 , Pam 25) 

= (n/p)(p) 

H = (0.0837)(11.35) 

(j. = 0.95 cm ^ 


( 6 ) Xi 
2 


x i 

2 


(7) 2 n 


0.693 = 0.693 
H 0.95 

0.729 cm 



n = 3.3 

X = nX L = (3.3)(0.729) = 2.41 cm of lead - ANSWER 

2 . . ■ — 

3. Given source; calculate thickness of lead to shield 6 and 
Bremsstrahlung to R = 5 mrad/hr at 20 cm. 

(1) E p = 1.708 (page 383, Pam 25) 

( 2 ) R = 780 mg/cm 2 (page 123> Pam 25) 

(3) X = where P lead = 11.35 g/cm 3 (page 65 , Pam 25) 

780 

11350 

= 6.87 x 10 2 cm Pb 
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(4) S = 1.85 x 10 -4 CE? Zn 

brem P 

= 1.85 x 10' 4 (l)(l.708) 2 (82)(l) 

= 4.425 x 10~ 2 rhm = 44.25 mrhm 

(5) E 0 ■ % = 7^2 = = 1106 mrad/hr 

0 d (0.2) 
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( 6 ) 


0.693 


0.729 cm 


(from Problem 2) 


x ! 

2 


(7) 2 n 


n 

R o _ 1106 

R 5 


221 


n = 7.9 

X = nXi = (7.9)(0.729) 

2 


5.76 cm of lead 


Total Thickness = 5.83 cm of lead - ANSWER 


NOTE: This is over twice as much lead as required if we use lucite to 
shield beta (see Problem 2). A lead shield is not necessarily 
the best shield for all types of radiation. 

4. Given ^Na source, 8 , and 7 decay; calculate thickness of iron 
needed to reduce R to 1 mrad/hr at 1 meter. 


( 1 ) 

( 2 ) 

(3) 

(4) 


V ■ 

E 

7 

R 


X 


brem 


S 

ann 


0.545 (from page 382 , Pam 25) (90$>) 
1.2746 ( 10036 ) 

p 

180 mg/cm (from page 123 , Pam 25) 

R 3 

— where p = 7*86 g/cnr (page 65 , 

180 
7860 

= 1/85 x 

= 1.85 x 

= 2.57 x 
O .56 nCE 

0.56 (l)(2)(l.2746) 

1.428 rhm *= 1428 mrhm 

= 0.572 nC 
: 0.572 (0. 9)(2) 

1.029 rhm = 1029 mrhm 


0.0229 cm of iron 

-4 2 

10 nCZEp 
P 

10" 4 (0.9)(2)(26)(0.545) 2 
10 rhm = 2.57 mrhm 


Pam 25) 
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s = s + s + s 

°T b 7 a 


= 2.57 + 1428 + 1029 mrhm 


= 2460 mrhm 


(5) R = “2 
d 


2460 


= 2460 rad/hr 


0.5 


0.2746 


0.0111 


O 

(6) Using 1.2746 Mev and p = 7-86 gm/cnr 

'0.1 0.05991 

■1.2746 u/p 

1.5 0.0488 

0.2746 _ _X_ 

0.5 0.0111 

x = 0.0061 

Ll/p = 0.0599 - 0.0061 

= 0.0538 

H = n/p x p = 0.0538 x 7.86 


= 0.423 cm 


-1 


X = q, ^ 9 _3 = 1.64 cm 

0.423 


R 


o 


( 7 ) 2 = ~ = 

n = 11.3 


2460 


= 2460 


= nXi = (11.3)(1.64) = 18.53 cm 

2 

= x + x = 0.0229 + 18.53 

total 6 Ss 


= 18.55 cm of iron - ANSWER 
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5. 


/T Q 

Given ^Ni source; compute thickness of lead necessary to reduce 
R to 1 mrad/hr at 1 meter. 


(1) 

E P 

= 0.067 Mev (1005&) 

(2) 

R 

= 6.8 mg/cm^ 

(3) 

X 

= — where p = 


(page 389, Pam 25) 

(page 123, Pam 25) 

(page 65, Pam 25) 
cm - ANSWER 


6.8 

11350 


= 0.599 x 10 


11.35 g/cm' 

-3 


NOTE: 

(a) Since the maximum energy of the "beta particle is less than 0.1 
Mev, it does not possess enough energy to produce bremsstrahlung. 
Therefore, we only have to shield out the beta particles. 

(b) It is also obvious that lead is not a practicable shield for 
this source. In fact, air has a density of 1.293 x 10“3 g/cm^ 
(from page 66, Pam 25). Therefore, 


X . 


air 


6.8 

1.293 


5.26 cm 


which means that air is sufficient to stop all the beta particles 
emitted, and other shielding is not necessary to meet the require¬ 
ments. This does not mean the source can be handled. 


6 . 


Given 


1-98. 

Au source. 


a. 


Find: 
( 1 ) 

( 2 ) 

(3) 


Thickness of polyethylene required to stop beta radiation. 
E = O.961 Mev (99/0) (page 405, Pam 25) 

P 

O 

R = 38O mg/cm (page 123, Pam 25) 

X = ^ where p = 0.92 g/ciP 

X = = 0.413 cm of polyethylene - ANSWER 
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b. 


Find: Thickness of lead to give R = 10 mrad/hr at 1 meter. 


(i) s 7 = 


®b 


rem 


0.56nCE 

0.56(0.99)(0.l)(0.4ll8) = 0.0228 rhm = 22.8 

= 1.85 X 10‘ U nCZEg 

- 1.85 x 10' U (0.99)(0.1)(2.667)(0.96l) 2 
= 4.51 x 10“5 rhm =» 0.0451 mrhm 


S = S + S, 

T 7 b 

= 22.8 + 0.0451 mrhm 

= 22,8451 mrhm = 22.85 mrhm 


(2) R 


s . a.*jsas.. -22.85 nrad/hr 
d 2 (l ) 2 


7 . 


(3) use JBaaS = 0.4805 Mev 


\i/p = 0.175 gm/cm c 


p = ji/p x p = 0.175 x 11.35 

xj - £ 4 $ « 0.3U9 


= 1.986 cm 


-1 


i 


(4) 2 n = ~ «= 2.285 

v R 10 


.*. n = 1.2 

X = nX| = (1.2)(0.349) = 0.419 cm - ANSWER 

00 00 

Given Sr - Y source. 

a. Calculate thickness of A1 required to stop P. 

(1) E 90 Sr - ^Y = 2.268 Mev (page 392, Pam 25) 

v ' pmax 


mrhm 
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(2) Range = 1100 mg/ 


cm 


(page 123, Pam 25) 


P A1 = 2.699 gm/crn^ = 2699 mg/cm^ (page 65 , Pam 25) 


0) x - * 


1100 

2^99 

= 0.408 cm A1 - ANSWER 


b. Calculate the total source strength assuming 25 mCi of each. 
(4) S. 


_1± p 

= 1.85 x 10 CZEn Eq 

brem P 


= (1.85 x 10”^)(25 mCi)(13) C(l)(0.546) 2 + (O. 99 ) 

( 2.268 ) 2 ] 

= 0.324 mrhm 


(5) R - -5 = °' 3SU .3 = 57 H 55 = l 1 *.^ mrad/hr - ANSWER 


(0.15)‘ 


= Si|§8 = 1 . 13 i ) Mev 


p/p = 0.0657 cm g 

p lead = n ' 35 g/ora3 

P = p/p X p 

= ( 0 . 0657 )(11*35) 

= 0.746 cm ^ 

(6) Xi = ^93 

2 M- 


(page 65 , Pam 25) 


■ sif! ■ °- 929cm 



(7) R 


n = 

2 n 
R = 


X_ 

Xi 

2 


= 4.95 


2.2 

O .929 


= 2.37 


lk k . 

= 2.91 mrad/hr 


- ANSWER 


8 . 


d. D = 300 mrad 

t = ? 


R = 2.91 mrad/hr 


t = — = 


D _ 300 mrad _ 

R 2.91 mrad/hr 103 hours 


85 

id/ 

(1) E 


Given ^Kr source; calculate lead shielding needed to reduce R to 
10 mrad/hr at 1 meter. 


(3max 


= O .67 Mev ( 99 . 


(2) R = 235 mg/cm 3 P pb = 11.35 g/cm 3 


(3) 

(4) S 


3 


235 

11350 


= 0.0207 cm of lead 


-U 2 

, = I .85 x 10 nCZE^ 

brem p 

= ( 1.85 x 10 - 4 )(0.996)(5)(82)(0.67 ) 2 
= 0.0339 rhm = 33-9 mrhm 


(5) K = = 


_ S _ 33.9 


( 1 )‘ 


= 33*9 mrad/hr 


(6) Xi 
2 


0-693 

P 


E 


Pmax _ 


0.67 

2 = 0.335 Mev 


p/p 

= 0.3435 

cm 2 /g 

p 

= (0.3435)(ll*35) 

Xi 

_ 0.693 

_ 0.693 

2 

P 

3*9 
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cm 


-1 


cm 


O.I 78 cm 



3-39 


/.y\ p n _ ^ 2 . = 33»9 mrad/hr 

KU R 10 mrad/hr 

n = 1.8 

X = nXi = (1.8)(0.178) = 0.32 cm 

2 

( 8 ) X T = 0.0207 cm + 0.32 cm = 0.3407 cm or 

0.34-1 cm of lead - ANSWER 

I 37 

9. Given Cs source; calculate thickness of lead to reduce R to 
10 mrad/hr at 1 meter. 


( 1 ) 

^ 3 max 

= 

1.176 

(page 399, Pam 25) 

( 2 ) 

R = 

490 

mg/cm 2 


(3) 

X = 

R 

P 

490 

11350 

= 0.0432 cm of Fb 

(4) 

^brem 

= 

1.85 x 

4 2 

10 nCZ(Ep) 


= ( 1.85 x 10 " 4 )( 120 )( 82 ) [ (0.935)(0.5l4 ) 2 + 

(0.065)(1.176) 2 ] 

= 0.6133 rhm 

S = 0.56 nCE 
7 

= (O. 56 )( 120 )(O. 935 )( 0 . 6616 ) = 41.57 rhm 



= 42.18 rhm 
= 42.18 rad/hr 


(6) Find Xi 
2 

Use E = 0.6616 
7 

[i/p = 0.1138 

H = (0.1138)(11.35) = 1.292 cm 


Xi 

2 


0.693 

1.292 


0.537 cm 
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(7) 2 n 

(8) X 


42180 

10 


= 4218 


n = 12.1 


= nXi = (12.1) (O'. 537) = 6.5 cm of lead - ANSWER 

2 -- . 
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SHIELDING COOKBOOK 


Calculate penetration of p particle. 

a. E_± 

P max 

b. P range, page 123; p, page 65* 


c. 


— (watch units) 
P 


Compute source strength for all electromagnetic radiation where n - 

a. S y = 0.56 CEnE 

b. S. = 1.85 x lO^CZEnEjlt (except P* < 0.1 Mev) 

orem — 

c. = 0.572CEn 
ann 


d. S 


total 


s , + \ 


+ S 
rem ann 


Compute dose rate at desired distance. 
„ ®total 


Compute for Electromagnetic Shielding. 

F i + 

a. Pick greatest energy: E^_ , p~max, 0.511 Mev (for P ). 

/max -g— 

b. Calculate p/p from tables on pages 137-139* 

c. p = p/p x p (p from page 65). 


d. 


. 0.693 


0.03. 
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5 


Compute X 



b. Use 2 
6 * X total 



Table or slide rule. 

X (Step 5) + X (Step X) ° nly fOT ■"* n,ter1 * 1 - 
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DF310, RADIAC INSTRUMENT CALIBRATION TECHNIQUES 


I. Reference: TM 11-6665-204-12; TB 11-6665-204-12. 

II. Lesson Objectives and Notes. 

A. Procedures for calibration of the IM-174/PD and AN/PDR-27J radiac 
instruments with the TS-784A/PD radiac calibrator. 

B. Safety precautions for handling, storage and use of radiac 
calibration devices. 

C. Characteristics of other radiac calibration devices. 

D. Procedures for calibration of the AN/PDR-6 o radiac set with 
the AN/UDM-6 radiac calibrator. 
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III. Explanation. 

A. TS- 784( )/PD 

1. Publications 

a. TM 11-6665-204-12 

b. DA Pam 310-4 

2. Characteristics 

a. Source 

b. Activity 

c. Radiation 

d. Calibrates - IM-174( )/PD; AN/PDR-27( );AN/PDR-60 
(2R Scale); AN/PDR-39. 

3. Controls 

a. Label 

b. License 

c. Authorization for issue 

d. RPO qualification 

e. Radiation levels 

4. Duties of RPO 

5. Unpacking procedure 
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6. Safe use and handling 

a. Warning page basic TM 

b, Dosimetry 
c« Procedures 


d. Eye protection 

e. Special situations 

7* Preliminary operations and procedures 

a. Calibration charts 

b. Decay curve 

c. Sample problem 

(1) What is the decay factor for a TS-7S4( ) calibrator that was 
calibrated 4 years ago? 

(2) 3 years ago? 

(3) If you are calibrating an IM-174A and the meter reading listed in the 
calibration chart for the 40K scale is 350 rad/hr t what is the 
corrected meter reading for the calibrator in (l) above? 


426 



B. AN/UDM-6. 


1. Publications - TM 3-6665-203-10; TM 11-6665-208-15 
TM 11-6665-221-15 

2. Characteristics of the AN/UDM-6 

a. Source 

b. Activity 

c. Radiation 

d. Calibrates 

3. Controls 

a. Labeling 

b. Licensee 

c. Authorization for issue 

d. RPO qualifications 

4. Duties of custodian (RPO) 

5. Unpacking procedure 

6. Safe handling and use 

7. Adherence test 
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IV. Practical Exercise 


WARNING , Improper use of the TS784( )/PD, or failure to follow exactly 
the procedure outlined below and in TM 11-6665-204-12 could result in 
permanent injury or death, 

A. Safety , 

1, All personnel must wear film badges and eye protection (safety 
goggles or prescription eye glasses) during the exercise. 

2, No smoking, eating, drinking, or chewing in the calibration 
laboratory. 

3, Always stand on the selector control side of the calibration 
assembly and never expose the face, hands, or body to the radiation port 
on the calibration assembly, 

4, Always keep the radiation port aimed toward the wall and insure 
during assembly operations that it is not turned toward other personnel. 

5, Always set the calibrator assembly selector control to 4mr/hr 
whenever the assembly is not being used, 

6, Always cover the calibrator assembly with the safety shield when 
changing adapters and when the assembly is not being used. Also position 
the calibration assembly against the rearmost part of the workbench when 
not being used. 

7, Always monitor-wash-monitor prior to leaving laboratory or work 
area, 

B, Preparation of the TS-784A for Calibration . 

1, Preparation for assembly, 

a. Open cover and check the selector control and make certain 
that it is in the 4mr position, 

b. Remove calibration assembly and place it face down on wooden 

block. 
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c. Remove following items from the carrying case: 

(1) Calibration chart. 

(2) IM 174( )/PD adapter. 

(3) AN/PDR-27( ) adapter. 

(4) AN/PDR-39( ) adapter (calibration case). 

d. Set carrying case aside. 

2. Mounting of calibration assembly. 

a. hook safety shield over front of calibration case. 

b. Remove lead shield from calibration assembly (KEEP IT TURNED 
AWAY from eyes and body!). 

c. Align radiation port of assembly with port of calibration 
case keeping rubber foot of assembly on table. Secure the assembly to 
the case with one of the short lead plate cover screws using the mounting 
hole closest to the left end of the adapter. 

d. Lift up safety shield and place IM-174( )/PD adapter inside 
case so the radiation ports are aligned. Replace safety shield and secure 
adapter with the remaining two screws, 

3. Wipe Test. 

a. Take background count, 

b. Break cotton swab to less than 5 inches, moisten, and hold 
wooden end with pair of tongs. 

c. Remove safety shield and turn selector control to the 40K 
position. Insert the swab into the radiation port and thoroughly but 
gently swab the source. 

NOTE: DANGER! Do not look directly into the calibration case or place your 
hand in front of the radiation port. 

d. Turn the selector control back to the 4mr position and replace 
the safety shield. 

e. Place swab on second shelf in pig and take a 2-minute 
count. (If a scaler is not available See Para 9-9, TM 11-6665-204-12 
for alternate procedure.) 

NOTE: If this count exceeds twice background call the safety officer. 
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f. Dispose of swab as radioactive waste, 

C, Calibration of Radiacmeter IM-174/PD . 

1. Preparation for calibration. 

a. Loosen the four bolts in the bottom of IM-174 case and remove 
the case. (Fig A) 

b. Remove the ion chamber from the IM-174/PD and place it in the 
XM-174/PD adapter with the beta window facing the calibration assembly. 
(Fig U) 

c. Place the IM-174/PD case, meter face up, on the 
left side of the adapter. 


d. Attach a ground wire from the pin on the IM-174/PD adapter 
to the pin on the resistor board. 

e. Perform pre-operational check. 

2. Performance check, 

a. Check date on calibration chart. If the date is 1 year or 
more, apply the correction factor from the decay curve (para 2-5, TM 11- 
6665-204-12) to the reading listed in the calibration chart. 

b. Turn the selector control to the 40K mr/hr position. If the 
meter is properly calibrated, it should read within ±10% of the value 
listed in the calibration chart. 

c. Turn the selector control to 4K mr/hr and then to 400 mr/hr. 

The meter should read within ±10% of the value listed in the chart. 

d. Return selector control to 4mr. 

3. Calibration. 

a. Turn selector control of the TS-784( )/PD to 40K mr/hr. The 
IM-174/PD should Indicate the corrected value listed in the calibration 
chart within ±10%. If is does not, adjust the external calibration 
potentiometer until the correct reading is obtained. 

b. Turn selector control to 4K mr/hr. If the reading is not 
within ±10%, adjust the external linearity potentiometer until the correct 
reading is obtained. 

c. Return the selector control to 40K mr/hr and if necessary, 
again adjust the external calibration potentiometer. 
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e. Replace capnut and turn selector to 4 mr/hr. 

f. Turn the SET control to OFF and remove the ion chamber from 
calibration case. Replace the safety shield an reassemble the IH 174A/PD. 

E, Calibration of Radlac Set AN/PDR-27(*) . 

1. Preparation for calibration. 

a. Remove the IM-174( )/PD adapter and place the AN/PDR-27 
adapter in the calibrator case. Align the radiation ports with the large 
mounting clips to the rear. Replace the safety shield. Secure the 
adapter, using the long screw in the top screw hole. 

b. Loosen the small compression nut at top of the small probe 
and then unscrew the large gland nut at top of the probe. 

c. Loosen the bands holding the two probes together and slide 
the small probe forward, but not out of the bands. 

d. Carefully remove the GM tube from small probe so as not to 
break, the wires. If there is a plastic sheath around tube, remove it also. 

e. Remove the GM tube from its mounting clips and place it in the 
small mounting clips of the AN/PDR-27( ) adapter. 

f. Place the dummy tube from the AN/PDR-27( ) adapter into the clip 
assembly of the small probe in place of the GM tube. 

g. Place the large probe in the large mounting clip of the 
adapter so that the beta window is closed and pointing toward the left 
side of the calibrator case (fig C). 

h. Place the cables in the notch on the side of the adapter. 

Remove the safety shield and cover the adapter with plexiglass sheet. 

2. Calibration. 

a. Remove cap from the AN/PDR-27 calibration well. 

b. Remove the attenuator from in front of the radiation port, 
turn the AN/PDR-27( ) range switch to 500 and the TS-784 selector control 
to the position indicated in the calibration chart. If the meter does not 
agree within ±15% of the correct value, adjust the 500-mr calibration 
control until it does. Return the selector control to 4-mr. 

c. Insert the 50mr attenuator into the channel slides, turn the 
AN/PDR-27 range switch to 50 and the TS 784 selector control to the 
position indicated in chart. Adjust 50mr calibration control until 
correct indication is obtained. Return the selector control to 4mr. 
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d. Replace the 50rar attenuator with the 5mr attenuator. Turn 
the AN/PDR-27 range switch to 5 and theTS-784 selector control to the 
position indicated in the chart. Adjust the 5mr calibration control as 
necessary. Return the selector control to 4mr. 

e. Remove large probe and disconnect dummy GM tube. Remove 
small GM tube from the mounting clips and reassemble the small probe. 

f. Do NOT remove AN/PDR-27 adapter at this time. 

g. Stand the calibration assembly on end and place the large 
probe 36 inches from the center of the calibration assembly. 

h. Turn the range switch to 0.5 and adjust the 0. 5 calibration 
control until the meter indicates within ±15% of the correct value, 

i. Replace the calibration well cap. 

F. Calibration of the 2r Range of Radiac Set AN/PDR-60 . 

Caution: Be sure the AN/PDR-60 is turned off. Allow 15 seconds for the 
high voltage power supply to discharge. 

1. Remove the instrument from the case assembly by releasing the 
latch at each end. 

2. Place the safety shield on the adapter. 

3. Remove the GM tube and place it in the clips of the AN/PDR-60 
adapter, orient the tube so the cap end is placed at the left of the 
nomenclature of the adapter, and the clip at the right of the nomenclature 
fits in the recessed area on the other metal contact of the tube. Place 
the adapter in the small clips of the AN/PDR-27 adapter so that the 
nomenclature is facing the radioactive source. Place the dummy tube 
connector of the AN/PDR-27 adapter in the AN/PDR-60 so that it duplicates 
the normal position of the GM tube. Remove safety shield and attenuator 
from radiation port and cover case with plexiglass sheet. 

4. With the range switch in the 2r position, and the discriminator 
control in the AC-3 position, place the selector control in the position 
indicated in the calibration chart. 

5. If the meter does not indicate within +20% of the correct value, 
adjust the 2r calibration control until it does. 

6. Return selector to 4mr and replace attenuator and safety shield. 
Turn off AN/PDR-60. 

7. Remove the GM tube and other dummy GM tube and reassemble the 
AN/PDR-60. 
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8. Remove AN/PDR-27 adapter from calibration case. Replace safety 
shield, 

G, Disassembly of TS-784A . 

1, Make sure selector control is in 4mr/hr position. 

2. Remove calibration assembly from case and attach lead shield. 
Replace it in lid of carrying case. 

3, Replace items in the reverse order that they were removed. 

4. Do not secure carrying case until it is inspected by the safety 
officer. 
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ION CHAMBER BETA WINDOW / INTERNAL CALIBRATION 
INTERNAL LINEARITY ADJUST POTENTIOMETER ADJUST 

POTFNTMMFTFR 

Figure A. IM-174 internal components exposed. w I Lll ■ I Wlfl 11 til 


















CALIBRATION 

ASSEMBLY 


ADAPTER ASSEMBLY 
FOR IM-I/4/P0 


RADiACMETEft 

IM-I74/PD 


IONIZATION CHAMBER 
P/O RA0IACMETER 
' M** 17A/PD 


EI_«665«l04 12 TM II 

Figure B. Ionization chamber of radiacmeter IM- 174/PD installed in IM - 174( *) / PD 
adapter. 
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Figure C. Probes of the AN/PDR-27( 













H. Safety , 

1. All personnel will wear film badges during the exercise. 

2. No eating, drinking, chewing or smoking In the calibration 
laboratory, 

3. Monitor-wash-monitor prior to leaving the laboratory or work area. 

4. bo not touch the radioactive sources attached to the lead jigs or 
attempt to remove the jigs from the case, 

I. Wipe Testing AN/UDM-6 Calibrator , 

1. Take 1-inch smear and mark one side with serial number of the set. 

2. Moisten smear with water. 

3. Smear the frame, jig, and mask of the calibrator. 

NOTE: Do NOT smear the radioactive coated surface! 

4. Allow smear to dry. 

5. Monitor smear with AC-3 probe of AN/PDR-60 with range switch set 
at xl.O. 

NOTE: Call instructor if radiacmeter indicates greater than 900 cpm above 
background! 

J. Calibration of the AC-3 Probe of the AN/PDR-60 Radiac Set . 

1. Preparation for calibration. 

a. Remove the instrument from the case assembly by releasing the 
latch at each end. 
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Caution: Be sure the AN/PDR-60 is turned off* Allow 15 seconds for the 
high voltage power supply to discharge. 

b. Using the shielded jumper cable connect the center conductor 
to the center post in case and connect the opposite end to the solder 
terminal above the high voltage block. 

c. Connect the shield of the cable to the ground spring contacts 
in the case and on the chassis. 

d. Turn the instrument range switch to 2r and set the probe 
selector switch to AC-3. 

2. Calibration. 

a. Remove the AC-3 discriminator capnut, and turn the range 
switch to XI. 0. 

b. Adjust the AC-3 discriminator until the meter reads 50 cpm 

or until the nut is turned full clockwise, whichever occurs first. Replace 
the capnut. 

c. Remove the protective cover and check for light leaks. 

d. Place the alpha probe on the lowest emission rate source and 
adjust the XI.0 calibration potentiometer until the average meter reading 
matches the cpm of the standard source. 

e. Rotate the probe 180° and observe the reading. Adjust the 
XI,0 calibration pot until the average of the two readings equals the 
standard source cpm. The two readings should not deviate from the standard 
source cpm by more than 10%. 

f. Repeat steps d and e for the X10, X100 and X1K scales using 
the corresponding alpha sources and calibration potentiometers, 

g. Recheck the discriminator adjustment (para b, above). Reset 
discriminator, if necessary, 

h. Recheck calibration on each range. 

1. Turn instrument off. Allow 15 seconds for high voltage 
power supply to discharge. Remove shielded cable and replace instrument 
in case. 
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DF320, COMPUTATIONAL PROCEDURES IN PHYSICAL SCIENCES 


I. Reference: None 

II. Lesson Plan Outline: None 

III. Handouts: None 

IV. Problems: Class and Home Study Problems. 
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1 . 


What is the dose rate 5 meters away fran a 500 Ci source of 
Cobalt-60? (Disregard bremsstrahlung) 
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2. What is the source strength due to the gamma radiation from 100 
Ci of bromine-82? If lead -were used for shielding, what source 
strength would be due to the beta radiation? 
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Notes: 
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3. What thickness of lead is required to completely shield the particu¬ 
late radiation and reduce the dose rate to 10 mrad/hr at 1 meter from 
a 1 Ci source of Arsenic-74 ? 
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Notes: 
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4. A certain scaler has a resolving time of 5 x 10 J minutes/count. 
a. What is the maximum measurable observed counting rate? 


b. This scaler registers an observed counting rate of 5000 cpm. 
What is the true counting rate? 
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5 


Given the concentrations in air of 


Ca 

Ch 

Cc 

Does this 


- 7 \s 

1.5 

x 10 7 nCi/ml 

soluble 

PQ 

CM 

00 

II 

1.5 

x 10 7 nCi/ml 

soluble 

fH 

CO 

ON 

CO 

II 

1.2 

-ft 

x 10 nCi/ml 

soluble 


area exceed the limitations for a restricted area? 
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6. During the monitoring of an area the following readings were obtained 
with the radiac instrument indicated. What are the respective levels 
of alpha contamination? 



Instrument 

Type of Surface 

Meter Reading 

a. 

IM-170 

Wood floor 

600,000 cpm 

b. 

IM-170 

Cinder block wall 

120,000 cpm 

c. 

IM-170 

Marble workbench 

2,000,000 cpm 

d. 

IM-170 

Gravel roadway 

680,000 cpm 

e. 

IM-170 

Tile floor 

1 , 600,000 cpm 

f. 

IM-170 

Concrete walkway 

700,000 cpm 
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A sample of 10 pCi activity gives an observed counting rate of 
30,000 cpm in a scaler. The resolving time of the GM tube detector 
used is 30 p sec/count. 

a. What is the counting efficiency of the scaler? 


b. 


What is the actual counting rate of the scaler? 



8. It is required to completely shield the particulate radiation and reduce 
the dose rate to 10 mrad/hr at 1 meter from a 100 Ci source of 
beryllium-10. How much lead would be required for shielding? 
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Notes 
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9. a. What thickness of beryllium would be required to stop the beta 
particles from a 100 curie source of 91Sr in equilibrium with 
its daughter product 91y? (Assume 100 Ci of 9ls r and 100 Ci 
of 91y.) 
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b. What bremsstrahluag dose rate would result at 30 cm from 
the source? 
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c. 


What is the total unshielded dose rate 30 cm from the source? 


d. What thickness of lead shield would be required in addition to a 
2 cm iron shield to reduce the dose rate 30 cm from the source 
to 10 mrad/hr? (Assume that the shields are after the O .723 cm 
of lead required to stop the beta particle.) 
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10. For determining source strength to include the effect of shielding, 

what energies and percentages should be considered for an equilibrium 
(1:1) mixture of bromine-80m and bromine-80? 
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Notes 
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11. You as Radiological Safety Officer have been asked to check a package 

for shipment of 1 Ci of Ij^Re, which has a source strength of 0. 509 

75 

rhm. To ship this package, the reading at the surface of the package 
must not exceed 200 mrad/hr and at 1 meter from the surface must 
not exceed 10 mrad/hr. How much lead would be required to ship this 
package if the package is 1 meter to a side? 
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12. A 10 rhm source of barlum~133 is kept in a storage room 4 feet 
away from the inner wall of the room. The valla are 12 inches 
thick of concrete. What is the maximum dose rate to which an indi¬ 
vidual outside the room may be exposed due to this source alone? 
(Neglect dose rate buildup.) 
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V. 


Solutions. 


1. Data on Co (page 3895 Pam 25). 

7 energy = 2.5057 Mev (99+$) total 

5 = 0.56 nCE 

= O .56 x 1.0 x 500 Ci x 2.505' Mev 

= 702 rhm 

R = S/d 2 

= 702 rhm/( 5 m ) 2 

= 70225 

= 28.1 rad/hr 

82 

2. Data on Br (Scheme in problem) 

(3 energy - 0.444 Mev (100$) 

7 energy - 2.6483 Mev total 
7 alone 

S = O .56 nCE 

= O .56 x 1.0 x 100 Ci x 2.6482 Mev 

= 148 rhm 

6 alone 

-4 2 

S = 1.85 x 10 nCZE 

-4 p 

= 1.85 x 10 xl.Ox 100 Ci x 82 x (0.444 Mev) 

= 0.299 rhm 
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3. Data on As - 

P energies - 32 $ 


1.35 Mev 

l 8 /o 

0.72 Mev 

14$ 

|3 energies - 29-5$ 

1.51 Mev 

3-5$ 

0.91 Mev 

26 $ 

7 energies - 

0.635 Mev 

14$ 

0.596 Mev 

61 1 


Maximum beta energy = 1.51 Mev. 

R = 680 mg/cm^ 

P pb = H.35 gm/cm 3 = 11350 mg/cm 3 

X = R/p 

= 680 mg/cm^/ll 350 mg/ cm 3 

= 0.0599 cm - max (3 range = 0.06 cm 

Find individual source strengths. 

— + 

(3 and |3 bremsstrahlung - 

_k p 

= 1.85 x 10 nCZE 

brem 

_li p 

Sp = 1.85 x 10 x 0.18 x 1 Ci x 82 x (1.35) 

k p 

S 2 = 1.85 X 10 X 0.14 X 1 Ci x 82 x (O. 69 ) 

h ? 

= 1.85 x 10 x 0.035 x 1 Ci x 82 x (1.51) 

= 1.85 x 10 _U x 0. 26 x 1 Ci x 82 x (0. 91 ) 2 

^brem 


0.004-98 rhm 
0.00101 rhm 
0.00121 rhm 
0.00327 rhm 
0.01047 = 

0.0105 rhm 
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4 * 

3 annihilation 


S = 0.572 nC 

ann 

S = 0.572 x 0.295 x 1 Ci 

ann 

= O .1687 rhm = O.I 69 rhm 

7 energies - 

S =0.56 nCE 
7 

= O .56 x 0.l4 x 1 Ci x 0.635 Mev 
= O .56 x 0.6l x 1 Ci x 0.596 Mev 

S 

7 total 

x + S + S ^ 

total brem ann 7 total 

= 0.0105 + O.I 69 + -/253 
= 0.4325 rhm = 433 mrhm 
= S/d^ = 433 mrhm/(lm)^ 

= 433 mrad/hr 


0.0498 rhm 
0.2036 rhm 
0.2534 rhm = 
0.253 rhm 


E = 0.635 Mev E = 0.511 Mev 

Tmax ann 

E_ /2 = 1.51 Mev/2 = O .755 Mev 

pmax 

Use 0.755 Mev to calculate Xi. 

2 

d/p = O.O 967 cm^/gm 

p = 11.35 gm/cm^ 

d = (d/p)( p) = O.O 967 cm 2 /gm x 11.35 gm/cm^ 

= I.O 98 cm 
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a. 


Xi = 0.693/d = 0.693/1.09.8 cm" 

2 

= O.63I cm 

2 n = R q /R = 433 mrad/hr/lO mrad/hr 

= ^ 3.3 

n =5.5 (2 n Table) 


X 


'total 


nXi^ = 5.5 x O.63I cm 
2 

= 3.^7 cm 
= 3.^7 + 0.06 
= 3*55 cm lead 


R 

o 


l/ T 

l/5 x 10 ^ min/count 


= 20,000 cpm 


R 

b - E - rrrr 

o 

5000 cpm _ 

_ cz 

1 - 5000 cpm x 5 x 10 min/count 
5000 

1 - 0.25 

5000 

0.75 

- 6670 cpm 

Ca/MPCa + Cb/MPCb + Cc/MPCc < 1 

1.5 x 10 _7 /3 x 10" 7 + 1.5 x 10' 7 /l x 10* 6 

0.5 + 0.15 + 0.4 = 1.05 
1.05 > 1. 


Area is above restriction - no one can enter. 



6 . 


r(cf) 


239^ 

Mg Pu 


m 


CF 


239 ^ 

Mg Pu 


m 


1 


a. 

2^+0 

600,000 

2500 

b. 

1 

200 

120,000 

600 

c. 

1 

4 oo 

2,000,000 

5000 

*d. 

1 

170 

680,000 

4 ooo 

e. 

1 

4 oo 

1,600,000 

4 ooo 

f. 

1 

200 

700,000 

3500 


A gravel roadway is a very porous surface. Of the values given, 
this is the closest you can come. The value you obtain by use of 

is probably low for this type of surface and in an actual situa- 

l'° 11 

tion you may want to use an estimated CF of say - 7 - 77 - or even —. 

1UU fn 
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7. a. 10 |_iCi = 3-7 (10 ) 5 dps 

= 2.22 ( 10) 7 dpm 

_ observed counting rate 

actual disintegration rate 

30,000 cpm 
2.22 ( 10) 7 dpm 

= 1.35 ( 10)“ 3 or 0 . 135 $ 

b. Present actual counting rate - 


R 


R 

o 

1 - R T 
o 


(t 


30 x 10 


-6 


sec 1 min 
count 60 sec 


3(io) 4 _ 

1 - 3(10) 4 x 5 (10)- 7 

3(10) 4 

1 - 0 . 015 

3(10) 4 

0.985 

4 

3 .O 5 x 10 cpm 


5 x 10 


■8. Data on ^Be (from given scheme and data) 
P energy = 0.555 Mev (100$) 

No 7 

Daughter (^B) is stable. 

Lead shield - 

R = 180 mg/cm 2 

p = 11.35 gm/cm 3 = 11350 mg/cm 3 
X = R/p = 180 mg/cm /11350 mg/cm 0 
= 0.0159 cm 


( min \ 
count' 
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S^ = 1.85 X 10 “ 4 nCZE 2 = 1.85 X 10 “ 4 x 100 Ci x 82 x 

brem p 

( 0 . 555 ) = 0.467 rhm = 467 mrhm 

R q = S/d 2 = 467 mrhm/(lm ) 2 

= 467 mrad/hr 

Ep max / 2 = 0,555 Mev/2 = 0.278 Mev 

d/p = 0.533 cm /gm 

d = (d/p)(p) = O .533 cm 2 /gm x 11.35 gm/cm^ 

= 6.05 cm 

= 0.693/d = 0.693/6.05 cm ' 1 
2 

= 0.115 cm 

2 n = R q /r ' 467 mrad/hr/lO mrad/hr 

46.7 

n =5.6 (2 n Table) 

X = nXi^ = 5*6 x 0.115 cm = 0.644 cm 
2 

X, .. = 0.644 + 0.0159 = 0.6599 cm = 0.66 cm 

total 

, 91 

9. a. Beta energies and %'s for Sr: 

2.67 Mev (27%) 

2.03 Mev (4%) 

1.36 Mev (29$) 

1.09 Mev (33%) 

0.62 Mev (7%) 

91 

Beta energies for Y: 

1.545 Mev (~ 100%) 

Beta energy (max) = 2.67 Mev 
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R = 1300 mgm/cm 2 

O O 

p = 1.8 gm/cm 3 x 1000 mgm/gm = 1800 mgm/cm 3 
X = R/p = 1300/1800 = 0.723 cm 

_li 0 

b. = 1.85 x 10 nCZE 

b 

li p 

= (1.85 x 10 )(100 Ci) (4) nE 

= 7-4 x 10 ~ 2 nE 2 

5 1 = ( 7 .^ x 10‘ 2 )(0.27)(2.67 ) 2 = 0.1424 rhm 

5 2 = (7.4 x 10" 2 )(0.04)( 2 . 03) 2 = 0.0122 rhm 

= (7.4 x 10 " 2 )( 0 . 29 )( 1 . 36) 2 = 0.0397 rhm 

= (7.4 x 10~ 2 )(O. 33 )(1.09 ) 2 = 0.0290 rhm 

= (7.4 x 10 ~ 2 )( 0 . 07 )( 0 . 62 ) ? = 0.0020 rhm 

Sg = (7.4 x 10 - 2 )(1.0)(1.545 ) 2 = 0.1769 rhm 

^ , = 0.4022 rhm 

total 



Q-1 * 0gg = 4.47 rad/hr 

(o.3) 2 


Gamma energies and °J 0 's for 


2.06 Mev (7 1o) 
1.58 Mev (33$) 


1.299 Mev (29 i) 

0.645 Mev (4$) 

91 

No significant 7 energy for Y. 


S 


O .56 nCE 

(O. 56 )(100 Ci) nE 
56 nE 


466 



8.08 rbin 


R 


= ( 56 )( 0 . 07 )( 2 . 06 ) = 

= (56)(0.33)( 1 . 58 ) = 29.2 rhm 
= ( 56 )( 0 . 29 )( 1 . 299 ) = 21.1 rhm 


S 4 = (56)(0.04)(0.645) = 1.45 


rhm 


S = 59-83 rhm 


= S = 5 9 * 83 = 665 rai/hr 

d 2 (0.3 ) 2 


total 


= R + R 


brem 


= 665 + 4.47 = 


669*47 rad/hr 
669 rad/hr 


d. 


W 2 = ^r 1 - 1 - 335 Mev 

E = 2.06 = 0.645 = 1.415 Mev 

.*. use E for [i/p value. 

Tmax 

First find the effect of 2 cm of iron on the dose rate. 
|i/p = O. 5 O 7 cm^/gm; p = 7*86 gm/cm 3 

li = [i x p = ( 0 . 0507 ) (7*86) = 0.398 cm 

Xi (iron) = = ^||| = 1.74 cm 


-1 


U 


n = X/Xi = 2 cm/1.74 cm = 1.15 

2 

2 n = 2.15 

„ R o 669 rad/hr j /, 

R = ^ = -2TT5 = 311 rad/hr 


Now for lead - 

R q = 311 rad/hr; R = 10 mrad/hr 

2 q 

[i/p = 0.0558 cm /gm; p = 11.35 gm/cm ^ 

U = (O.O 558 )(11.35) = 0.633 cm " 1 


or 
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10 . 


Xi (lead) 

2 


0.693 = 0.693 

n 0^33 


R OT 1 

P n _ _0 _ 311 

R 0.01 


31100 


1.09 cm 


n = 15.0 

X = nXi = (15.0)(1.09 cm) = l6.4 cm 

2 


Refer to decay scheme and data given. 

_ 8Qm_ 

For Br: 

7 energy - 0.086 Mev (100^) 

No particulate energy 

_ 80 ^ 

For Br: 


3 energy - 1.99 Mev (85$) 
1.38 Mev (6 i) 

7 energy - O.618 Mev (Of 0 ) 
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11. Find R at the Surface: 


S = 0.509 rhm 
d = 0.5 m 

R 0 = ^75 = = 2.036 rad/hr = 2036 mrad/hr 

d (0.5 m) 2 

R = 200 mrad/hr 

p/p for 0.905 Mev gamma in lead = 0.0797 cmygm 
p = p/p x p = 0.0797 x 11.35 = 0.905 cm -1 
Xi = Q ‘ 6 - 9 . 3 -_ = 0.766 cm 

2 H 0.905 cnT 1 

2n _ 2036 mrad/hr _ -^q -^q 

200 mrad/hr 

n = 3.4 (2 11 Table) 

X = nXi = (3.4)(0.766 cm) = 2.6 cm 

2 

Find R at On e Me ter from Surface: 
d = 


R = 

Xi = 

2 

2 n = 
n = 

X 

To meet all requirements 3.45 cm of lead must be used on a side. 


1.5 m 

S _ 0^22.rhm _ 0.202 = 0.226 rad/hr = 226 mrad/hr 

d (1.5 m) 2 2 ' 25 

10 mrad/hr 

0.766 cm (Same as above) 

226 mrad/hr __ c 
10 mrad/hr 

4.5 (2 11 Table) 


nXi = (4.5)(0.766 cm) = 3.45 cm 

2 
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12. Data on ^Ba (Page 304, Pam 25) 

Max y energy = 0.382 Mev 

Find p/p (Page 139 > Pam 25) 

p/p for 0^382 Mev * 0.0984 cm 2 /gm 

P - 2.25 gm/cm^ (Page 66, Pam 25) 

p = p/p x p = (0.0984) (2.25) - 0.221 cm' 



3.14 cm 


S ■ 10 rhm 

d = (4 ft + 1 ft) x 0.3048 m/ft * 1.52 m 

R = %r - L... * 4.33 rad/hr - 4330 mrad/hr 

0 d 2 (1.52 m) 2 

n , 2L « (12 in)(2.54 cm/ln) . 9 ?1 
n 3.14 cm * f 

2 n = 830 (2 n Table) 
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LEAKAGE TEST 


DF340 






DF340, LEAKAGE TEST 


I. Discussion. 

A. Reference: None 

B. Leak Testing. 

1. General. 

Currently the Atomic Energy Commission requires periodic 
testing of sealed sources. This requirement is further 
implemented by Department of the Army within its juris¬ 
diction. In addition to these legal requirements for 
leak testing, the user has a moral obligation to these 
employees to protect them by periodic tests. The semi¬ 
annual test is a minimum requirement. Many agencies 
recommend leak testing each time a source is used. 

2. Methods of Leak Testing. 

Leak testing is divided into four general methods - immer¬ 
sion, cocoon, smear, and swipe. The latter two methods may 
be used as methods of surveying for removable surface con¬ 
tamination. In the conduct of all tests, personnel must be 
constantly aware of the techniques of safe handling and 
limit exposure by considering distance, shielding, time and 
quantity. 

a. Immer sion. The immersion method is one method for leak 
testing although generally impractical. It is the most 
difficult, time-consuming and requires a greater expo 
sure of personnel than other techniques. Immersion 
consists of placing the source in a container of water 
which is held just below the boiling point for 30 
minutes. The appearance of bubbles emanating from the 
source indicates that the source has a leak. The ab ¬ 
s ence of babbl es does not indicate t hat the source is 
not le aking . After the source has been in the hot water 
for 30 minutes, it is removed and a sample of known 
volume of the water is taken, dried, and the residue is 
counted on an appropriate device. If contamination is 
present, it is presumed to have come from the source. 

The quantity of contamination removed from the source 
during the testing procedures is determined considering 
the efficiency of the counting system, the sample volume 
and the total volume of water used in the test. 
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This test cannot be used on sources which are mounted 
in large assemblies, nor on sources having container 
material which will be adversely affected by the high 
temperatures and water. 

One variation of the immersion test is the scrub test 
in which the samples are placed in a known volume of 
detergent solution, scrubbed with this solution, and 
a known volume of the solution is removed, dried and 
counted. 

b. Cocoon. The cocoon test is applicable only to radium 
sources or other sources from which a gaseous radio¬ 
active material may leak. In this test the source 
is completely surrounded by a wad of cotton (or 
cocoon). This cocoon is placed inside an envelope 
or other container and kept for 24 hours. At the 
end of 24 hours the source is removed from the 
cocoon and the cocoon counted in an appropriate 
instrument. The quantity of contamination which 
leaked from the source is calculated considering 
the instrument efficiency* 

A variation of the cocoon test is one which is used by 
the Public Health Service. They refer to this test as 
the jar lid test. It essentially allows for the decay 
of radon into heavy metal daughter products and the 
"plating out" of radon on a metal surface (the jar lid). 

The way the jar lid test operates is to, first, get a 
small widemouth jar. The smaller the jar, in comparison 
to the lid surface, the better. The radium source is 
placed in the jar and the lid is placed on the jar. The 
jar is allowed to stand in this sealed position for a 
24-hour period. A modification is to pack the jar lid 
with cotton or some other suitable absorbent material 
prior to sealing the jar. At the end of the 24-hour 
period, the jar is opened and an immediate count is made 
on the jar lid with an alpha instrument. If cotton was 
used to pack the jar lid, then this cotton is treated in 
the same manner as the cocoon described before. If a 
reading is obtained on the instrument due to contamination 
on the jar lid, this constitutes evidence of a leaking 
source. This reading of the jar lid is only a qualita¬ 
tive determination of leakage. 
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c. Smear . The smear test is the most universally appli¬ 
cable technique of leak testing and is the best over¬ 
all method of leak testing. It is also a method of 
testing an area for removable contamination. In this 
technique 100 square centimeters of the exterior 

of the source or the area are "wiped. Some materials that 
may be used for the "wiping procedure (known as wipes) 
are pieces of paper toweling, filter paper, cloth, 
gun patches, cotton, cotton swabs, tape (adhesive side to 
surface under test) or commercially prepared wipes. The 
wipe is generally about 2 inches (5 cm) across. They 
may be square or round. The wipes may be wet or dry de¬ 
pending on the circumstances. The test is performed by 
placing the wiping material on the surface, placing the 
fingertips on the wiping material and rubbing the mate¬ 
rial over the area being tested. Rubber or protective 
gloves should be worn if the contamination potential is 
high. If it is not desirable to come in close contact 
with the surface the wipe may be held in tongs or pliers. 
After smearing the 100 square centimeters the wipe is 
placed in an appropriate instrument and the removable 
contamination determined. If a wet wipe is used, it 
must be dried before counting. 

d. Swipe . The swipe test is performed exactly like the 
smear test except an unspecified area is wiped. It 
is strictly a qualitative test. Some variations of 
the swipe test are: 

(1) Line the inside of a container used to store a 
source with blotter or filter paper so that the 
source fits snugly. Prior to use remove the 
source, remove the paper, replace the source 

and count the paper on an appropriate instrument. 

(2) Place a piece of adhesive material in contact 
with the surface of a source and allow it to 
remain for a period of time. Remove it and 
count the material in an appropriate counter. 
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II. Lesson Objectives and Notes. 

A. Objectives. 

1. In general terms, define sealed sources and leakage and give 
the purposes for leak testing. 

2. In general terms, describe the following types of leakage test 

a. Immersion 

b. Cocoon 

c. Smear 

d. Swipe or wipe. 

3. Give the acceptable contamination levels for alpha, beta, and 
gamma emitters when removed by a leakage test. 

k. Explain environmental test which can be performed. 

5. Explain personnel monitoring test that can be performed. 

B. Notes: 


III. Laboratory Exercise and/or Handout: None 

IV. Problems: None 

V. Solutions to Problems: None 
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MICROCURIES OF CONTAMINATION 
VS 

GM READING 

(values are approximate) 


1.000 10| - 


.100 


.010 


.001 


» r INSTRUCTIONS 


USE CALIBRATED AN/PDR 2JJ RADIAC SET 
KEEP BETA WINDOW OPEN 
POSITION OPEN GM WINDOW AS CLOSE TO SURFACE AS POSSIBLE 
DETERMINE BETA-GAMMA READING IN MR/HR 
DETERMINE BACKGROUND READING WITH BETA WINDOW OPEN 
AND SUBTRACT FROM STEP 4 

USING CORRECTED BETA-GAMMA READING IN MR/HR, 

USE THIS GRAPH TO DETERMINE SURFACE 
CONTAMINATION IN MICROCURIES 



« T • • 10 


1.0 


MR/HR 
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CONTROL AND REPORTING 
OF RADIOACTIVE MATERIAL 


DF350 






DF350, CONTROL AND REPORTING OF RADIOACTIVE MATERIAL 


1. General 

a. Need for licensing 


b. Method of licensing 


c. Administrative control 


d. Purpose of AR 725-1 

e. Supplementation of AR 725-1 

Definitions 
a. Controlled item 


b. Individually controlled item 
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Vu-Graph material used in DF 350. 1. 

1. General. 

a. To avoid the necessity of licensing each activity that possesses 
or uses licensable items, the USNRC has issued licenses and authorized 

the Department of the Army to control these sources. Lexington Blue Grass 
Army Depot has the license for the 90g r - 90y sources used in the TS - 
784()/PP Radiac Calibration. For its replacement, the AN/UDM-2 Radiac 
Calibrator, the license will be obtained through ECOM (AUTOVON 992-3493 
or 3496) AMSEC-SF, Fort Monmouth, NJ. The National Inventory Control 
Point (NICP) for this item will also be at Fort Monmouth, ATTN; AMSEL- 
MM-S-CS-1A. The remainder of the NRC licenses are held at APG-EA for 
radioactive material for items used for issue. Control of these items is 
maintained at Armament Command, Rock Island Arsenal, ATTN: AMSAR- 
MMN-C, Rock Island, IL 61201. The Chief of CB Equipment Section handles 
all of these items (AUTOVON 793-4285 or 5757). 

b. Listing of Vu-Graphs . 

(1) Controlled item. This term applies to all items of supply listed 
in appendix A, AR 725-1, and appendix C, Major Command Supplemental 
Regulation 700-36. The items that are not listed as individually controlled 
items are controlled to the extent that all are nonexpendable, and that final 
disposition must be through the Army radioactive disposal facility. 

(2) Individually controlled item. An item which must be controlled 
to the extent that its integrity and location are known by the licensee or his 
designated agents (control points) from its inception into the supply system 
until its disposal in an authorized waste disposal facility. 

(3) NRC license. A document issued by the US Nuclear Regulatory 
Commission (NRC) pursuant to authority of the Atomic Energy Act of 1954 
(68 ST AT 919), 42 US Code 2011 et seq. , which confers the right to procure, 
receive, store, transfer, use, export, and import specified radioactive items 
under stipulated conditions. 

(4) Local RPO. An officer, enlisted person, or DA civilian employee 
appointed by the local installation or activity commander to supervise the 
radiation protection program for his command. As a minimum, his training 
and experience must meet the radiation protection requirements in the supply 
and technical bulletins and manuals pertinent to the types of sources used or 
stored at the installation or activity. 


478 



(5) Primary supply agency. US Army Armarment Command, 

Rock Island Arsenal, Rock Island, IL, will be the primary supply agency 
for controlled items listed in AR 725-1. 

(6) Radioactive material control point. An element which has been 
designated by a major commander to maintain administrative control of items 
within his command. Radioactive material control points will be established 
by all major CONUS commands and all oversea commands. 

(7) Radioactive control officer. An officer, enlisted person, or 
DA civilian employee appointed by each major command to supervise the 
radiation protection program for the command. The qualifications of a 
radiological control officer should be superior to those of the local 
radiological protection officer for the sources listed in AR 725-1. He 
should have a scientific or engineering background and will have successfully 
completed one of the following: 

(a) Radiological Safety Course given at APG-EA, or 

(b) Basic Radiological Health Course given by US Public Health 

Service, or 

(c) Eighty hours of formal training equivalent to (1) or (2) 
above covering the subjects listed below: 

1. Principles and practices of radiation protection, 

2. Radiological monitoring techniques. 

3 _. Radiac instrumentation including operation, calibration, 

and limitations. 

4. Mathematics sufficient to perform calculations necessary 
for the measurement of radioactivity and evaluation of actual or potential 
hazards to personnel. 


5. Applicable Federal and Army regulations. 

(8) NRC specific license. 

(9) A specific license is required to produce, transfer, receive, 
own, possess, use, and import the quantities of byproduct material listed 
in 10 CFR 31, when used in accordance with pertinent regulations (10 CFR 
20, App C). 
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(10) DA radioactive materials authorization. DA authorizations 
are required when radioactivity is 1 microcurie or greater and not subject 
to NRC specific license; also items irradiated during weapons test greater 
than 0.4 mrad/hr at any distance. 

(11) DA written permits. Required for Federal and non-Federal 
agencies (e.g. , civilian contractors) to store and use radiation sources on an 
Army installation. 

(12) APG-EA and Lexington Blue Grass Army Depot. 

(a) Preparation of license applications, renewals, and 

amendments. 

(b) Publication of implementating procedures to conform with 
conditions required by the licenses. 

(c) Publication of technical publications. 

(d) Notification of higher commands and NRC in matters 
required by Federal and Army regulations. 

(e) Maintain records on loss, damage, leakage, overexposure, 
inventory, inspections, and RMCO's. 

(13) US Army Armament Command. 

(a) Primary supply agency. 

(b) Maintain records. 

(c) Assign serial numbers. 

(d) Coordinate all transfer responsibility. 

(e) Coordinate all radioactive source procurement with 

APG-EA. . 

(14) Function of RMCP. Each principal installation commander 
will implement AR 725-1 and major command supplement regulation 700-63. 

(a) Establish an RMCP for the installation area. 

(b) Appoint on orders a qualified radioactive protection officer 
for the installation area. 
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(15) Installation RMCP. 


(a) Exercise staff supervision over the radioisotope 
inventory and leak test reporting system. 

(b) Provide coordination with and assistance to USAR and NG 
activities within the installation support area in preparing and submitting 
inventory and leak test reports. 

(c) Review and approve the qualifications of all local radio¬ 
logical protection officers within the installation support area and send 
copies of those qualifications to the major command RMCP. 

(d) Publish an implementing directive for this regulation and 
provide a copy to each user as well as information copy to the major 
command RMCP. 

(e) Prepare update punchcards and submit to the major 
command RMCPG Radioisotope Inventory and Leak Test Report (RCS 
AMC-192) covering each calendar month. This report will be prepared in 
accordance with instructions at appendix A and dispatched to the command 
RMCP not later than the third working day following the close of the monthly 
reporting period. Reports indicating leaking sources or requests for 
disposition instructions will be submitted to this headquarters. 

(f) Take actions indicated in paragraph 3-6b of AR 725-1 
when qualified activity or unit radiological protection personnel are not avail¬ 
able. 


(g) Direct the actions indicated by paragraph 3-6 of AR 725-1 
and report by telephone to CDR, APG-EA, any radiation overexposure 
alledged to have been received from any of the control items listed in 
table 3-1, AR 725-1, followed by notification of the major command RMCP. 
The RCS (AMC-191) MIN report will be submitted through the major command 
for approval of corrective action taken. 

(h) Maintain records indicating the serial number and radio¬ 
activity at time of manufacture of the individual jigs within each UDM-6 
Radiac Calibrator. This calibrator will be reported using only the set serial 
number. 


(i) Maintain all records required by paragraph 3-8, AR 725-1 
and paragraph 17, AR 700-52. 

(j) Exercise approval authority for request for transfer of 
controlled items within the installation support area. 
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(k) Furnish the major headquarters one copy of all regulations 
and/or directives implementing this and related (e. g. , AR 700-52 and 755-15) 
regulations, and one copy of the appointing order and summary of qualifications 
for the installation RPO. 

(l) Route through the major command headquarters all 
correspondence pertaining to items reportable under AR 725-1 and 
Supplement 700-63. 

(16) Action if no qualified RPO is available. If no qualified RPO is 
available at unit level, the installation RPO will take one of the following 
actions. 


(a) Suspend requisition for the material, or 

(b) Suspend use of material. In the interim, the CONUS 
Army RMCO is responsible for radiation safety and performance of leak 
tests, or 


(c) Transfer the radioactive items to a qualified installation. 

(17) Unit or activity RPO. 

(a) Will maintain informal records of the location, leak test 
results, and exposure reports for all radiation sources located within their 
respective units or activities. 

(b) Will insure that all radioactive sources are used only by 
qualified persons and that the installation RPO is advised of any forthcoming 
changes of unit RPO. 

(c) Will forward to the installation RMCP all inventory and 
leak test reports and requests for transfer or disposition of sources in 
accordance with installation implementing directives. 

(d) May routinely return sources to Army depots for recalibra¬ 
tion and leak testing (e.g. , TS 784() calibrators) without requests for transfer 
or reports of change of unit or activity RPO provided that the transfer is made 
according to an SOP approved by the installation RPO concerned. Procedures 
must provide for shipment and handling in accordance with applicable 
directives for the transport and safe use of radioactive material. 
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(e) Will notify the installation RPO of radiation protection 
officer radiation overexposures attributed to the sources reported in 
accordance with AR 725-1 and Supplement 700-63 and promptly prepare 

an RCS (AMC-191) MIN report which will be submitted through radiological 
control channels to the CDR APG-EA. This report will be sent to the installa¬ 
tion RPO within 24 hours of the overexposure discovery. Similar reports will 
be submitted for damaged sources. 

(f) Notify installation RPO of abnormalities. 
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USE OF THIS REGULATION OUTSIDE OF US ARMY TRAINING AND 
DOCTRINE COMMAND IS FOR INSTRUCTIONAL PURPOSES ONLY. 
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DEPARTMENT OF THE ARMY 

HEADQUARTERS UNITED STATES ARMY TRAINING AND DOCTRINE COMMAND 
Fort Monroe, Virginia 23651 

TRADOC Regulation 14 October 1974 

No 700-63 

Logistics 

CONTROL OF RADIOACTIVE MATERIAL 


Further limited supplementation is required. One copy of each 
supplement will be furnished HQ TRADOC, ATTN: ATLG-MAT. 
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1. Purpose. 

a. This regulation establishes a radioactive material control point 
at HQ TRADOC, and prescribes procedure for the continuous inventory and 
leak test reporting of radiation sources (radioactive calibration and 
test items) listed in AR 725-1 and appendix C of this regulation. 


b. It provides activities within CONUS that are under the command 
of the Commander, TRADOC, a means of reporting to meet requirements of 
AR 725-1 that will allow compilation and combined reporting to the pri¬ 
mary supply agency. 


*This regulation supersedes TRADOC Reg 700-63, 1 July 1973. 
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2. Background, There are several thousand items in the Army supply 
system that contain radioactive material. Most of these items, individ¬ 
ually, represent only a minor health hazard and require very little 
special control. A few, listed in AR 725-1, contain Nuclear Regulatory 
Commission (NRC) controlled material procured on NRC licenses issued 
to AMC. The licenses require the sources to be used in accordance with 
Federal regulations, tested frequently for leakage, and used under the 
control of persons familiar with the radiation hazards incident to their 
use. 

3. Scope . 

a. Radiation source leak test and inventory reporting procedures 
described in this regulation apply to all radiation sources listed in 
table 3-1, AR 725-1 and appendix C of this regulation. 

b. Nothing in this regulation will be interpreted to negate or 
supersede any NRC or AR 700-52 requirement pertaining to the control 
and safeguards of radioactive materials. 

4. Objectives . The objectives of this inventory and reporting system 
are to-- 

a. Establish within TRADOC a single reporting system that will 
provide TRADOC installations and HQ TRADOC with current information 
on location, leak test results, and names of individuals responsible 
for the safe use, storage and disposal of the radioactive sources 
listed in AR 725-1 and appendix C of this regulation. 

b. Provide for expeditious controlled transfer of radiation 
sources between TRADOC installations to insure that the sources are 
always used under the supervision of qualified Radiological Protec¬ 
tion Officers (RPO). 

c. Facilitate the expeditious modification or disposition of 
obsolete sources. (Only DA approved modifications will be performed 
on type classified sources (AR 700-52).) 

d. Provide for the expeditious issue of disposition instructions 
for leaking or excess sources, 

e. Provide control, on an installation basis, for the expeditious 
transfer of radiation sources between using activities and calibration 
and maintenance activities. (Transfer beyond the control of TRADOC must 
receive prior approval from the TRADOC Radiological Control Officer.) 

f. Provide semiannual RCS (AMC-192) to the AMC NICP listing all 
reportable items in TRADOC. Provide installations with a semiannual 
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report RCS (AMC-192) in April and October for any corrective actions re¬ 
quired. (appendix D.) 

g. Provide special reports, as required, to locate or otherwise 
identify sources, e.g., a printout from TRADOC punch cards could 
identify all reportable sources at a given installation in support of 
NRG, TIG, USAEHA, or other radiation safety inspections. 

5. Policy . For inventory and reporting purposes there will be one 
channel for reporting inventories and completing tests for radioactive 
leakage of calibration and test items of supply in use throughout 
TRADOC. The channel will be as follows: 

From the principal TRADOC installation to the HQ TRADOC radioactive 
material control point to the respective AMC commodity command. 

6. Responsibilities . 

a. The Commander, TRADOC, will appoint on orders a qualified radio¬ 
logical control officer, who will-- 

(1) Exercise staff supervision over the TRADOC radioisotope inven¬ 
tory and leak test reporting system. 

(2) Provide coordination with and assistance to other agencies, and 
activities within CONUS in preparing and submitting inventory and leak 
test: reports. 

(3) Maintain a file on current inventory and leak test reports. 

(4) Prepare a consolidated report semiannually, as of 31 December 
and 30 June, listing the current data required by chapter 3 of AR 725-1 
for each calibration and test item, and submit it to the AMC NICP and 
other agencies as specified in AR 725-1. 

(5) Maintain a roster of the appointed installation RPO and approve 
their qualifications. 

(6) Send a copy of his appointing orders and a summary of his quali¬ 
fications to the Commander, APG-EA, in accordance with chapter 

3 of AR 725-1. 

b. Each principal TRADOC installation commander will implement this 
regulation, establish a radioactive material control point for the in¬ 
stallation support area, and appoint on orders a qualified RPO for his 
installation support area who will-- 
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(1) Exercise staff supervision over the radioisotope inventory and 
leak test reporting system. 

(2) Provide coordination with, and assistance to IJSAR and NG 
activities within the installation support area in preparing-and sub¬ 
mitting inventory and leak test reports. 

(3) Review and approve the qualifications of all local RPO within 
the installation support area and send copies of those qualifications 
to HQ TRADOC, ATTN: ATLG-MAT. 

(4) Publish an implementing directive for this regulation and pro¬ 
vide a copy to each user as well as information copy to HQ TRADOC. 

(5) Prepare Punch Card Transmission Worksheet and submit to HQ 
TRADOC. Tliis worksheet will be prepared in accordance with instruc¬ 
tions at appendix A and dispatched to this headquarters, ATTN: ATLG- 
MAT, not later than the third working day following the close of the 
monthly reporting period. Reports indicating leaking sources or re¬ 
quests for disposition instructions for controlled sources may be sub¬ 
mitted to this headquarters, at any time. 

(6> Take actions indicated in paragraph 3-6b of AR 725-1 when 
qualified activity or unit radiological protection personnel are not 
available. 

(7) Direct the actions indicated by paragraph 3-6f, AR 725-1 and 
report by telephone to the Commander, APG-EA, any radiation 
overexposure alleged to have been received from any of the control items 
listed in table 3-1, AR 725-1, followed by notification to HQ TRADOC. 

The RCS (AMC-191) MIN reports will be submitted through HQ TRADOC, ATTN: 
ATLG-MAT, for approval of corrective actions taken. 

(8) Maintain records indicating the serial number and radioactivity, 
at time of manufacture, of the individual jigs within each UDM-6 Radiac 
Calibrator. This calibrator will be reported using only the set serial 
number . 

(9) Maintain all records required by paragraph 3-8, AR 725-1 and 
paragraph 17 of AR 700-52. 

(10) Exercise approval authority for request for transfer of con¬ 
trolled items within the installation support area. 

(11) Furnish this headquarters one copy of all regulations and/or 
directives implementing this and related (e.g., AR 700-52 and 755-15) 
regulations, and one copy of the appointing order and summary of 
qualifications for the installation RPO. 
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(12) Route through this headquarters, ATTN: ATLG-MAT, all cor¬ 
respondence pertaining to items reportable under this regulation. 

c. The TRADOC installation RPO and activity commanders will insure 
that calibration and test items of supply are used under the supervision 
of qualified persons who know the hazards involved and the safety pre¬ 
cautions needed when they are being used. Unit commanders will appoint 
unit RPO in accordance with AR 40-14, AR 700-52, and AR 725-1. Com¬ 
manders of TRADOC installations on which there are tenanted or satel¬ 
lited activities not under their command will provide radiological pro¬ 
tection area support needed to meet the requirements of AR 725-1 and 
this regulation, as agreed to by the commanders of the separate elements. 
Unit RPO will be appointed for separate elements only when the scope and 
diversity of the local program warrant. Unit commanders will publish 
implementing regulations and procedures to reflect agreements between 
TRADOC installations and tenanted or satellited activities. 

d. Unit or activity RP0-- 

(1) Will maintain informal records of the location, leak test re¬ 
sults and exposure reports for all radiation sources located within 
their respective units or activities. 

(2) Will insure that all radioactive sources are used only by 
qualified persons and that the installation RPO is advised of any 
forthcoming changes of unit RPO. 

(3) Will forward to the installation radiological control point all 
inventory and leak test reports and requests for transfer or disposition 
of sources in accordance with installation implementing directives. The 
worksheet at appendix B will be used for reporting any changes. 

(4) May routinely return sources to Army depots for recalibration 
and leak testing (e.g. , TS-784( ) Calibrators) without requests for 
transfer or reports of change of unit or activity RPO, provided that 
the transfer is made according to an SOP approved by the installation 
RPO concerned. Procedures must provide for shipment and handling in 
accordance with applicable directives for the transport and safe use of 
radioactive materiel. 

(5) Will notify the installation RPO of radiation overexposures 
attributable to the sources reported in accordance with this regulation 
and promptly prepare a RCS (AMC-191) MIN report which will be submitted 
through radiological control channels to the Commander, APG -EA. 

This report will be sent to the installation RPO within 24 hours of the 
overexposure discovery. Similar reports will be submitted for damaged 
sources. 
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7. References. 


a. AR 40-14, Control and Recording Procedures Occupational 
Exposure to Ionizing Radiation. 

b. AR 40-27, Personnel Radiation Exposures. 

c. AR 55-55, Transportation of Radioactive and Fissile Materials 
Other than Weapons. 

d. AR 385-30, Safety Color Code Markings and Signs. 

e. AR 385-40, Accident Reporting Records. 

f. AR 700-52, Licensing and Control of Sources of Ionizing 
Radiation. 

g. AR 700-64, Radioactive Commodities in the DOD Supply System. 

h. AR 725-1, Special Authorization and Procedures for Issues, 
Sales and Loans. (Chapter 3 is titled: Control of Radioactive Cali¬ 
bration and Test Items of Supply.) 

i. AR 750-27, Army Metrology and Calibration System. 

j. AR 755-15, Disposal of Unwanted Radioactive Material. 

k. SB 700-20, Army Adopted Items of Materiel. 

l. TB 43-180, Calibration Requirements for the Maintenance oi 
Army Materiel. 
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APPENDIX A 

INSTRUCTIONS FOR PREPARING TRADOC FORM 465-R (PUNCH CARD TRANSMISSION 
WORKSHEET). NOTE: SLASH ALL NUMERIC ZEROS: "0". 

CC 1-6. Enter the Unit Identification Code (UIC) of the unit or activity 
that possesses this item. Show only six numbers or letters, beginning 
with a "W" i 7 ' the first position of all Army units. (No alphabetic 
"O's" or "i's" may be used in the UIC.) 

CC 7-19. Enter the NSN thirteen digits. Do not enter dashes. Use the 
NSN for the radioactive source rather than the NSN for kits or sets that 
contain a radiation source with a separate NSN. (See appendix C.) 

CC 20-24. Show the set serial numbers with five positions. If the in¬ 
ventory lists a serial number of an item with less than five positions 
precede the number with zeros. 


CC 25-28. Express the determined source activity as follows: 


TS-1230A 

M3A1 

TS-784( ) 

UDM-6 

M8 


X007 (7 microcuries) 

100- (100 millicuries) 

001K (1 curie) 

14C5 (1.4X10^ counts per min) 

28D5 (2.8X10^ disintegrations per min) 
40C5 (4X10^ counts per min) 

126- (126 millicuries) 

040- (40 millicuries) 

14C5 (1.4X10^ counts per min) 

50C2 (5,000 counts per min) 


NOTE: The activity of these sources may vary considerably and should be 
reported as indicated on the source. (Either the activity at date of 
manufacture or as determined by recalibration may be reported.) 


CC 29-32. Use four digits to show the year and month that the source 
activity reported in columns 25 through 28 was determined. The first two 
digits will show the year, and the last two digits, the month; e.g., Feb¬ 
ruary 1958, "5802", December 1966, "6612". If this date cannot be deter¬ 
mined, show "UNK" in the first three spaces, leaving column 32 blank. 

CC 33-35. Use three digits to show the year and month that the item was 
received at the installation; e.g., December 1965, "512". If the date 
cannot be ascertained, show "UNK". 

CC 36-43. If transferred, enter the shipment number/Government Bill of 
Lading (GBL) as one letter and seven numbers. The GBL must appear on all 
reports deleting or adding an item from the inventory. 
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CC 44-45. Leave blank. 

CC 46-50. A unit reporting an item as being received will enter either 
the UIC or ARLOC (DA Cir 525-10-3) from where the source was shipped. 

A unit deleting an item will enter the UIC of the receiving unit, if 
transferred, or the ARLOC (DA Cir 525-10-3) of the location to which 
an item was shipped for disposal. (See CC 73-77.) 

CC 51-52. Leave blank. 

CC 53-56. Enter the Julian date on which the item was shipped for trans¬ 
fer or disposal. 

CC 57-58. Leave blank. 

CC 59. 

a. Enter the number "1" for all reports for NSN 6665-00-973-1123. 

b. Enter the number "2" for all reports for NSN 6665-00-856-8235. 

c. Enter the number "3" on all reports for NSN 6665-00-692-6601 
and 6665-00-752-7790. 

d. Enter the number "4" for all reports for NSN 6665-00-767-7497. 

e. Enter the number "5" for all reports for NSN 6665-00-618-1348. 

f. Leave blank for reports on all other NSN. 

CC 60-62. Enter the date of the last leak test, using three digits as 
shown for columns 33 through 35. "NON" will be shown for the M8 Uranium 
Test Sample, NSN 6665-00-618-1348. 

CC 63-65. Use three digits to show the results of the leak test per¬ 
formed on the date shown in columns 60-62 (showing microcurie X 10"^; 
e.g., 0.002 microcuries, would be shown as "200"). If an activity ex¬ 
ceeds .005 microcuries, refer to paragraph 3-14b, AR 725-1. Round off 
wipe test results to the nearest 10"^ microcuries, e.g., 

0.001700 microcuries - is shown as: 170 

0.000030 microcuries - is shown as: 003 

0.000005 microcuries - is shown as; 001 

Less than 0.000005 microcuries - is shown as: --1 
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CC 66-68. Code the method of leak test analysis as follows: 

M N" (in CC 66) to indicate that the wipe test was checked locally and 
found to be free of detectable contamination, followed by the appropriate 
abbreviation (in CC 67 and 68) of the activity to which the wipe was sent 
for a more accurate analysis. (See below for proper abbreviations.) 

"D" (in CC 66) to indicate that an analysis was reported, followed by 
the abbreviation ( ( in CC 67 and 68) of the activity performing the wipe 
test analysis. (See below for proper abbreviations.) 

SD - Sacramento Army Depot 
LX - Lexington Army Depot 

"NXX" to indicate that the analysis was performed with locally 
available measuring equipment of the required sensitivity. (AN/PDR-27 
is not adequately sensitive.) 

"LEK" to indicate that the source was found to be leaking. 

Example: A wipe test checked locally with AN/PDR-27 was found to be free 
of detectable contamination. The wipe test was mailed to the Lexington 
Army Depot for a more accurate analysis. The results were not received 
within 30 days; therefore, the report was submitted with "UNK" in col¬ 
umns 63 through 65 and "NLX" in columns 66 through 68. Upon receiving 
this report the RPO requested that the wipe test report be retransmitted. 
When received, the wipe test results of .003 microcuries were then re¬ 
ported as "300" in columns 63 through 65 and "DLX M in columns 66 through 
68 . 

CC 69. Use an alpha character to indicate the type of report as follows; 

"I" - for an initial or recurring semiannual inventory. 

"W" - for a change in date of the last wipe test. 

"K" - for correction of erroneous information previously reported. 
This letter code must be used in conjunction with both Transaction Codes 
(CC 80) (i.e., "delete previously reported data" and "add new corrected 
data"). Two cards are required to complete the correction. 

"E" - to indicate that the item is excess to the needs of the unit 
or activity having custody. Sources will be reported excess only as 
separate items, not as physical components of other sets. 

"L" - for a change to the unit or activity having custody. (A cor¬ 
responding change will be made to columns 1 through 6, Unit Identifica¬ 
tion Code.) CC 46-50 and CC 53-56 must be filled in. 
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"D" - for completion of disposal actions and item is to be deleted 
from the inventory. CC 36-43, 46-50, and 53-56 must be filled in. 

CC 70-72. Show the date of the report by digits, indicating the year 
with the first digit and the month with the last two digits, e.g., 
February 1968: "802". 

CC 73-77. Enter the Army Location Code identifier from DA Cir 525-10-3 
that best depicts the actual source location. 

CC 78-79. Enter the installation USACSC reporting code from Appendix 
E. 

CC 80. Enter the appropriate transaction code, as follows; 

"A" - for add. 

"D" - for delete. (NOTE: If "delete" card has a "K" in CC 69, 
there will also be an "add" card, if an "L" or "D" is in CC 69, CC 
36-43, and 46-50 must be completed.) 

"C" - for change. Used with "W" in CC 69. 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665-00-973-1123 Radiac Calibration TS1230A 

6665-00-856-8235 Radioactive Source Set M3A1 

6665-00-692-6601 Radiac Calibrator TS784 

6665-00-752-7790 Radiac Calibrator TS784A 

6665-00-767-7497 Radiac Calibrator AN/UDM-6 

6665-00-618-1348 Radioactive Test Sample M8 
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APPENDIX E 

US ARMY COMPUTER SYSTEMS COMMAND 
INSTALLATION REPORTING CODES (TRADOC EXTRACT) 

NOTE: Radioactive sources located on subinstallation or within the 

installation support area will use only the principal installation 
reporting codes as given. 

CSC"* 

INSTALLATIONS CODE 


1 . 

Fort 

Belvoir 

12 

2. 

Fort 

Benning 

13 

3. 

Fort 

Bliss 

14 

4. 

Fort 

Dix including Carlisle Barracks 

29 

5. 

^ort 

Eustis including Fort Monroe and 



Fort 

Story 

32 

6. 

Fort 

Gordon 

33 

7. 

Fort 

Benjamin Harrison 

36 

8. 

Fort 

Jackson 

48 

9. 

Fort 

Knox including Columbus Spt Facility 

5(1 

10. 

Fort 

Leavenworth 

c,2 

11. 

Fort 

Lee including Cp Hill and Cp Pickett 

53 

12. 

Fort 

McClellan 

57 

13. 

Fort 

Ord including Hunter-Leggett, Pres of 



Monterey, and Cp Roberts 

69 

14. 

Fort 

Polk 

72 

15. 

Fort 

Rucker 

77 

16. 

Fort 

Sill 

82 

17. 

Fort 

Leonard Wood 

90 

*cc 

78-79 

in Punch Card Transmission Worksheet 
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The proponent of this regulation is the Office of the 
Deputy Chief of Staff for Logistics. Users are invited 
to send comments and suggested improvements on DA Form 
2028 (Recommended Changes to Publications) through 
channels to the Cdr, TRADOC, ATTN: ATLG-MAT, Fort 
Monroe, VA 23651._ 


FOR THE COMMANDER: 


OFFICIAL: 

V. W. BOLTON 
Colonel, AGC 
Adjutant General 

DISTRIBUTION: 

HI; H3; SI 
TRADOC Instl : D 


B. E. HUFFMAN, JR. 
Major General, GS 
Chief of Staff 


Copies Furnished; 

H2; Jl; J3; J4; 

S3 

Cdr 

USA Environmental Hygiene Agcy, 

ATTN: USAEHA-RA 

USA Armt Comd, ATTN: AMSAR-MM-C1 

Edgewood Arsenal, ATTN: SAREA-TS/ 

SAREA-SF 

ECOM, ATTN: AMSEL-SF 
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1* References and Application* 
a* References: 

(1) AR 725-1. 

(2) TRADOC Supplement Reg 700-63* 

(3) AR 700-52. 

(4) TRADOC Supplement No 1 700-52^ 

(5) AR 700-64. 

(6) TM 3-260. 

(7) TM 3-261. 

b. Application - Problem. 

(l) Prepare a Radioisotope Inventory and Leak Test Report 

(RCS-AMC-192) using the worksheet format outlines in 

Appendix A, TRADOC regulation 700-63, Pertinent Data. 

(a) Aberdeen Proving Ground, Maryland station identifier - 
01567. The CSC Code for Aberdeen Proving Ground is 02. 

(b) Consolidated Supply, APG-UIC-WOU 293. 

\ (c) US Army Ordnance Center and School - WID4AAA. 

(d) Radioactive Source Set M3A1, NSN 6665-00-856^8235, 
serial number 60809, source activity 126 millicuries, 
material 60, manufactured 5 October 1971. 

(e) Source received on the installation on 1 Nov 1974 
with a GBL number of 5B784622, 

(f) The radioactive source set was transferred from 
Consolidated Supply to the Radiation Protection 
Officer, USAOC&S on 5 Nov 1974, and a wipe test 
was performed on receipt and checked locally with 

a AN/PDR-27(J) and found to be free from detectable 
contamination. The wipe test was mailed to Lexington 
Blue Grass Army Depot for detailed analysis. 
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(2) Prepare the follow-up report which is transmitted to the 
RMCP on receipt of wipe test results of 2 X 10 ”° microcuries 
on 27 November 1974# 

(3) Prepare the report which would be made out on the same item, 
on 5 May 1975. At that time, assume that the wipe test showed 
6 X 10~3 microcuries of contamination. USAOC&S Health Physics 
Office performed the analysis. 

(4) You have received disposition instructions fromAPG-EA. 
Complete the report covering the following dis¬ 
posal actions. On 6 June 1975* the item was consolidated 
with other radioactive waste materials and transferred to 
the Radioactive Material Disposal Facility, per bill of 
lading number Z12345&7 (APG-EA Station Identifier - 
00429). 

(5) Attached is an incorrect report (marked problem 5)« All the 
information entered on the worksheet is correct; however, 
one bit of information is missing. Complete the action(s) 
required to correct this omission. Date of preparation 

is 8 April 1975. 
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TRADOC Reg 700-63 


12 


APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665 - 00 - 973-1123 
6665 - 00 - 856-8235 
6665 - 00 - 692-6601 
6665 - 00 - 752-7790 
6665 - 00-767 - 7497 
6665 - 00 - 618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784- 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665 - 00 - 973-1123 

6665 - 00 - 856-8235 

6665 - 00 - 692-6601 

6665 - 00 - 752-7790 

6665 - 00 - 767-7497 

6665 - 00 - 618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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PUNCH CARD TRANSMISSION WORKSHEET 


TRADOC Reg 700-63 
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TKAUUC 74 465—R •gition* m ob«oi«t«. Indicate numeric zero as 0. Print one chorocter in each space . l0% * 1 






















































TRADOC Reg 700-63 


12 


APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665-00-973-1123 

6665-00-856-8235 

6665-00-692-6601 

6665-00-752-7790 

6665-00-767-7497 

6665-00-618-1348 


Radiac Calibration TS123QA 
Radioactive Source Set M3A1 
Radiac Calibrator TS784 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665 - 00 - 973-1123 

6665 - 00 - 856-8235 

6665 - 00 - 692-6601 

6665 - 00 - 752-7790 

6665 - 00 - 767-7497 

6665 - 00 - 618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set m 3A1 
Radiac Calibrator TS784- 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665 - 00 - 973-1123 Radiac Calibration TS1230A 

6665 - 00 - 856-8235 Radioactive Source Set M3A1 

6665 - 00 - 692-6601 Radiac Calibrator TS784 

6665 - 00 - 752-7790 Radiac Calibrator TS784A 

6665 - 00 - 767-7497 Radiac Calibrator AN/UDM-6 

6665 - 00 - 618-1348 Radioactive Test Sample M8 
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Pi*vioa> cditiona nr* obooloto. Indicate numeric zero at I. Print one character In eoch space. 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665 - 00 - 973-1123 

6665 - 00 - 856-8235 

6665 - 00 - 692-6601 

6665 - 00 - 752-7790 

6665 - 00 - 767-7497 

6665 - 00 - 618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665-00-973-1123 

6665-00-856-8235 

6665-00-692-6601 

6665-00-752-7790 

6665-00-767-7497 

6665-00-618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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APPENDIX B 
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TRADOC Reg 700-63 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665-00-973-1123 

6665-00-856-8235 

6665-00-692-6601 

6665-00-752-7790 

6665-00-767-7497 

6665-00-618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784- 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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TRADOC 665—R .<jiu<m« ■» ob.ol.t., Indicate numeric zero oi ». Prim one character In tach ipoc«. 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6663-00-973-1123 
6665-00-856-8235 
6665-00-692-6601 
6665-00-752-7790 
6665-00-767-7A97 
6665-00-618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665-00-973-1123 

6665-00-856-8235 

6665-00-692-6601 

6665-00-752-7790 

6665-00-767-7497 

6665-00-618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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APPENDIX C 

REPORTABLE RADIATION SOURCES 


NSN 


ITEM 


6665-00-973-1123 

6665-00-856-8235 

6665-00-692-6601 

6665-00-752-7790 

6665-00-767-7497 

6665-00-618-1348 


Radiac Calibration TS1230A 
Radioactive Source Set M3A1 
Radiac Calibrator TS784 
Radiac Calibrator TS784A 
Radiac Calibrator AN/UDM-6 
Radioactive Test Sample M8 
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LICENSING AND SOP WRITING 


DF370 





DF370, LICENSING AND SOP WRITING 

I, References and Discussion. 

Radiological Safety Handbook GE439. 

Title 10, CFR; AR 700-52; USAEC "how to get a License to use Radioisotopes;" 

USACMLCS Memo 385-2. 

II. Student Performance Objectives. 

A. Using texts and references, make' application for an NRC license, 
completing and complying with all requirements. 

B. Using texts and references, make application to the NRC for renewal 
and amendment of an NRC license, complying with all requirements. 

C. Using texts and references, comply with DA guidance on routing and 
staffing of request for NRC licenses. 

D. Using texts and references, make application through DA for permis¬ 
sion to use and hold non-NRC licensed material. 

E. Using texts and references, comply with DA directives on the control 
and reporting of radioactive material. 

F. Using texts and references, prepare and administrate standard 
operating procedures for a radiological safety program. 
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Notes: 
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Notes 
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Notes: 


r 
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III. Handout6 


Vu-Graphs used in DF370. 

A. 10 CFR Part 20, "Standards for Protection Against Radiation" 

1. Standards for safety application to all persons possessing or 
using licensed radioactive material. 

2. Basic radiation safety regulations. 

B. 10 CFR Part 30, "Rules of General Applicability to Licensing of 

Byproduct Material" 

1. Basic rules for licensing of radioisotopes. 

2. Certain aspects of byproduct material licensing covered in 
Parts 31 through 36. 

C. 10 CFR Parts 31 and 32. 

1. 10 CFH Part 31, "General Licenses for Certain Quantities of 
Byproduct Material and Byproduct Material Contained in Certain 
Items" 

2. 10 CFR Part 32, "Specific Licenses to Manufacture, Distribute, 
or Import Exempted and General Licensed Items Containing 
Byproduct Material" 

D. Other Considerations. 

1. 10 CFR Part 33* "Specific Licenses of Broad Scope for Byproduct 
Material" 

2. 10 CFR Part 3*S "Licenses for Radiography and Radiation Safety 
Requirements for Radiographic Operations" 

3. 10 CFR Part 35 7 "Human Use of Byproduct Material" 

k. 10 CFR Part 36, "Export and Import of Byproduct Material" 

5. 10 CFR Part 71, "Packaging of Radioactive Material for Transport" 
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E. Information Submitted. 

1. Criteria - radiation protection 

2. Criteria - approval of license application 

3. Rules - transfer of licensed material 

4. Record - keeping requirements 

5. Rules - amendment, modification, suspense, or revocation of 
licenses 

F. Guides. 

1. Federal Radiation Council 

2. National Council on Radiation Protection 

3. National Council on Radiation Protection and Measurements 

4. International Commission on Radiation Protection 

G. Preparing an Application. 

1 . Submitted on NRC Form 313a 

2. NRC Form 313a - has sheet of instruction to closely follow 

3. Supplemental sheet - may be attached 

4. Two copies - NRC Form 313a and supplemental sheets 

5. Obtain forms - Director, Division of Material Licensing, USNRC, 
Washington, D. C. 20545 

H. Safety Evaluation. 

1. Training and experience 

2 . Instrumentation 

3. Equipment 

4. Facilities 

5. Procedures proposed for use for protection 

6 . Waste disposal 
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I. Training. 


1. Principle and practices of radiation safety 

2. Radioactivity measurements 

3. Standardization 

4. Monitoring techniques and instruments 

5. Mathematics and calculations basic to use and measurement 

6 . Biological effects 

7. Handling and use commensurate with the types and quantities 
to be employed 

J. Other Information. 

1. Name and address 

2. Quantity, type, and chemical or physical form of radioisotopes 
to be used 

3. Purpose for which used 

K. License Authorization. 

1. Receive 

2 . Acquire 

3. Owned and imported 

4. Transfer to other NRC or state licenses 

L. Responsibility. 

1. Material, equipment and procedures used 

2 . Personnel who use material and equipment 

a. Sufficiently trained 

b. Follow management instruction 

c. Follow safety rules 

d. Period checks 


530 



M. Records 


1. Receipt 

2. Transfer 

3. Disposal 

4. Radiation exposure of persons in program 

5. Surveys made to evaluate radiation safety 

N. Purpose. 

1. Provides - procedures for submission of application 

2. Prescribes - control of radioactive material not licensed by NRC 

3. Provides - guidance for DA agencies for use of radioactive 
material 

a. procuring 

b. coordinating 

c. controlling 

d. other sources of ionizing radiation. 

O. Request for Non-licensed Material. 

1. Description of facility 

2. Type and activity 

3. Name and qualification of individual responsible 

4. Purpose for which used 

Detection instruments to be employed 

6 . Health protection measures 

7. Monitoring provisions 
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P. Control. 


1 . 

Procurement 

2. 

Receipt 

3. 

Storage 

4. 

Inventory 

5. 

Surveillance 

Q. Safety Procedures. 

1 . 

Purpose 

2. 

Philosophy 

3. 

Safety rules 

4. 

Instruction to personnel 

5. 

Radiation protection standards 

6. 

Surveys 

7. 

Caution signs, labels, and signals 

8. 

Radiological emergencies 

IV. Problems: 

None 

V. Solutions: 

None 
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Aberdeen Proving Ground, Md 21005 i 5, Reference No. 


7. Chemical and/or physical 
form 

A. Any 


9. Authorized use 

q 3w 

A. Research and Devel o p —n t aa defined In Section 30*400, Title 1C, Part 34, Code of 
Federal Regulations, Chapter l t "Rules of General Applicability to Licensing of 
Byproduct Material." Laboratory and field instruction in radiological defense. 

-(See page 2) --- 

CONDITIONS 

10. Unless otherwise specified, the authorized place of use is the licensee's address stated in Item 
2 above: 

11. The licensee shell oeaply with the provisions of Title 10, Part 20 # Code of Federal 
Regulations, Chaptar 1, "Standards for Protection Against Radiation." 

12. Byproduct —teriel shall be used by, or under the supervision of, individuals designated 

by the U. S. Army Ordnance Center and School Isotopes Committee. 

13. In lieu of the control device require—nts of Section 20.203(c)(2), the Palhatn Range 
radiological field shall be enclosed by a fence six-feet high (four feet of hog wire 
topped by at least three strands of barbed wire). All gates into the Pelham Range 
radiological field shall be padlocked at all ti—a except for entry by authorised 
parson—1. 

L4. A. Bach a—led source acquired from another parson and containing byproduct material, 
other than Hydrogen 3, with a half-life greater than thirty days end in any form 


8. Maximum amount of radioac¬ 
tivity which licensee may pos¬ 
sess at any one lime 

A. 100 olllicuries of each 


byproduct material 
^element and mass number) 

A. Any byproduct —teriel 
with Atonic Hoe. 3-83 
inclusive /0 _ 
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"TT “.“TT'* U.S. NUCLEAR REGULATORY COMMISSION Page, _2_oLmJ>ageb 

MATERIAL LICENSE 

Supplementary Sheet / 

Continued Prom Page_I License Number, 1-7R61-I 

067) 


THIS copy is FOR YOUR FHF8 

6. Byproduct materia] 

(element and mass number) 

B, Cesium 137 
-6s— C o bal t" 60 
0. Cobalt 60 

K. Cobalt 60 


7. Chemical and/or physical form 8. 


i. Oak Ridge National Lab- B. 

oratory Sealed Source 
C» Oik Udp National i«b- C. 

oratory Sealed Sources 
D. Goans Industries Bncap- D. 

aulatad Sealed Sources 

B. Oak Ridge National Lab- E. 

oratory Sealed Source 


AMBNCMRNT NO. 12 


Maximum amount of radioactivity which 
licensee may possess at any one time 

1 aouroe of 13S curiae 

750 curiae contained in 50 
eourees of 15 curies each 
15,180 curias contained in 
1020 sources of 15 curies 
each 

1 source of 8 curias 


Authorised use continued! 

B. For use in Medal AM/UDfe-lA Radlae Calibrator for calibration of instruaants. 

C. and D. For use in Felhaa Range radiological field for training in radiological defense. 
R. For uaa in Nodal AM/ODM-1 Radlae Calibrator for calibration of instruaants. 


Condition 14.A. continued! 

other than gas shall bo tasted for oonteainetion end/or laekega prior to uaa. In 
the absence of a cartiflasts from a transferor indicating that a test has bean aada 
within six months prior to the transfer, the sealed source shall not be put into 
uaa until tested. 

B. Each saalad source fabricated by the licence* shell be teeted for contamination 
end/or leakage ianediataly after fabrication. If the test reveals the presence 
of 0.005 microcurie or wore of removable contamination, the licensee shall repair 
and/or decontaminate and retest the source. Sealed sources fabricated for dis¬ 
tribution and containing byproduct material (with the exception of byproduct 
material with a half-life not exceeding thirty days, byproduct material in the form 
of gas, and Iridium 162) shell, in addition to an initial test upon fabrication, 

be stored for e period of seven days end retested prior to transfer to another 
parson or as otherwise specifically provided for in this license. 

C. Each sealed source containing byproduct material, other than Hydrogen 3, with a 
half-life greater than thirty days end in any form other than gas shall be tested 
for leakage and/or contamination at intervals not to exceed six months except that- 
each source designed for the purpose of emitting alpha particles shall be tested 
at Intervals not to exceed three months. 

(Sea page 3) 


534 







U.S. NUCLEAR REGULATORY COMMISSION 
BYPRODUCT MATERIAL LICENSE 
Supplementary Sheet 


Page.—3 -of.— 4 -Pages 


S1IS COPY IS FOR YOUR FILCS 


License Number I-' 


(L67) 


AMENDMENT NO. 12 


Conr" 14. conMnuadi 

D. The test shell be capable of detecting the presence of 0.305 tnlcrocurie of radio¬ 
active material on the test sanple. The test sample shall be taken from the sealed 
source or from the surfaces of the device la which the seeled source is permanently 
or semipermanently mounted or stored on which one might expect contamination to 
accumulate. Records of leak test results shall be kept in units of microcuries 
and maintained for inspection by the Connissloiu 

2. If the test required by Subsection A. or C. of this condition reveals the presence 
of 0.005 tnlcrocurie or more of removable contamination, the licensee shall immedi- 
<*t< withdrew the sealed source from use and shall cause it to be decontaminated 
and repaired or to be disposed of in accordance with Commission regulations. A 
report shall be filed within 5 days of the test with the Director, Division of 
Materials Licensing, U.S. Nuclear Regulatory Commission, Washington, D.C. 20545, des¬ 
cribing the equipment involved, the test results, and the corrective action taken. 

A copy of such report shall alBo be sent to the Director, Region II, Division of 
Cotqpliance, USAEC, 50 Seventh Street, Northeast, Atlanta, Georgia 30323. 

a L. 

lj. In lieu of the requirements of Condition 14.A., sealed sources in the Pelham Range 

radiological field shall be each tested according to the following schedule: 

A. Ten percent of the sources shall be tested for leakage and contamination at six- 
month intervals. 

B. If any leaking aouroaa are found in the ten percent tested, the leaking sources 
shall be withdrawn from use and repaired or disposed of and another ten percent 
of the sources shall be tested. 

C. If any leaking sources are found in the second ten percent tested, the leaking 
souroes shall be withdrawn from use and repaired or disposed of and all the sources 
In the Pelham Range radiological field shall be tested. 

D. If any leaking sources are found in the remaining sources tested, they shall be 
withdrawn from use and repaired or disposed of. 

16. In lieu of the requirements of Section 20.203(f)(4), 10 CFR 20, sealed sources in the 

Pelham Range radiological field may be labeled as follows: 

Radiation Symbol (in appropriate color) 

DANGER RADIOACTIVE MATERIAL Du NOT HANDLE 
(Serial Number) 

Notify Military Authorities if Found 
U.S. Army Ordnance Center and School 
Aberdeen Proving Ground, Md 21005 

(See page 4) 
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Ull O0PV IS F0HMUII FILES 


U.S. NUCLEAR REGULATORY COMMISSION 

BYPRODUCT MATERIAL LICENSE 
Supplementary Sheet 


Page—4—of.^fej^agea 


License: 


(U 7 ) 


JJtmMSNT MO* 12 


Saadltloa 14* naklauMi 

The 11 pane ae shall min tala a pamanant record of the qutativiy activity In aach 

a o ur oa and tha data of ■aaaaraaant* 

17. Ixoapt as apaolfioally provided otherwise by this license, tm lloeneea shall possess 
and uaa by pr o du ct notarial daaovlhad In Itan a 6, 7, and 8 of this License in 
aooordanos with atatenants, representations, and pvneedures contained in application 
dated-SaptaaAar end enandnant thereto datadHbroesAor 


DEC 2 0 1965 

Date_1__ 


For the U.S. Nuclear Regulatory Commission 



DIvUoo of Ibtirlili Ueuilaf 
Wuhlnrton. D. C. 30048 



BYPRODUCT MATERIAL LICENSE 

Supplementary Sheet 


License Nnmhe r^l-02661-01 
Amendment No.AJ?__ 


This Copy is Tor Your Tiles 


Department of the Army 
U.S. Army Ordnance Center and 
School 

Radiological Branch 
Technical Division 

Aberdeen Proving Ground, Md 21005 

In accordance with application dated November 29, 1967, License Number 
01-02861-01 is amended as follows: 


Items 6,, 7., 8,, and 

9. are amended to add; 


6. Byproduct material 
(element and mass number) 

7. Chemical and/or physical form 

8. Maximum amount of radioactivity which 
licensee may possess at any one time 

F. Cesium 137 

F. Minnesota Mining 
and Manufacturing 
Company Model 

4F6S Sealed 

Sources 

F, 2000 millicuries 
total-no single 
source to exceed 

300 millicuries 


9. Authorized use 


F. Research and Development as defined in Section 30.4(q), Title 10, 

Part 30, Code of Federal Regulations, Chapter 1, "Rules of General 
Applicability to Licensing of Byproduct Material." Laboratory 
and field instruction in radiological safety and radiological 
defense. 

Item 9.A. is amended to reed: 

9.A. Research and Development as defined in Section 30,4(q), Title 10, 

Part 30, Code of Federal Regulations, Chapter 1, "Rules of 

General Applicability to Licensing of Byproduct Material." Laboratory 

and field instruction in radiological safety and radiological defense. 


FEB 7 1968 


For the U.S. Nuclear Regulatory Commission 

/Ij* ... 

, Isotopes Branch 

by- 
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log/pe-isb 


DEPARTMENT OF THE ARMY 

OFFICE OF THE DEPUTY CHIEF OF STAFF FOR LOGISTICS 
WASHINGTON. D.C. 20310 


SUBJECT: Byproduct Material License No. 01-02661-01 


THRU: O oan aadiBg Qen e r at- 

Uni te d St a tes C o ntinental A rm y (Tom as ni 1 9 FEB T3oo 

ATTN. AT0TO - TNQ - ND0 
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Section li 

STATE REGULATION 


If you are located in any of the States which 
exercise regulatory authority by agreement with 
the Commission, you must apply to the particu¬ 
lar State regulatory agency instead of the NRC 
for a license to possess and use radioisotopes. 
S .. h Slates are called “Agreement States.*’ 
State licensing and regulation of nuclear materi¬ 
als under agreement with the NRC was author¬ 
ized by Congress in 1959. Twenty-one States 
(Alabama, Arizona, Arkansas, California, Colo¬ 
rado, Florida, Idaho, Kansas, Kentucky, Louisi¬ 
ana, Mississippi, Nebraska, New Hampshire, 
New York, North Carolina, North Dakota, Ore¬ 
gon, South Carolina, Tennessee, Texas, and 
Washington) had concluded agreements with 
the Commission by mid-19f>9, and 24 others had 
enacted legislation authorizing such agreements. 
(Names and addresses of Agreement State regu¬ 
latory agencies are listed in Appendix A.) 

The NRC’s Division of State and Licensee 
Relations cooperates closely with the Agreement 
States in the development and execution of their 
regulatory programs. A continuing objective of 
this coordination is to maintain compatibility of 
the State programs with the NRC program. 

The Agreement States already are responsible 
for issuing over 40 percent of all current licenses 


for the use of radioisotopes. The States also 
have jurisdiction over the use of other sources 
of radiation—radium, X-rays and accelerator- 
produced radioisotopes—which are not covered 

by the Nuclear Regulatory Commission. Agreement 
State authorities carry out an on-site inspection 
program to determine whether licensees are com¬ 
plying with the State’s regulations and the re¬ 
quirements of their licenses. 

Licenses issued by Agreement States are rec¬ 
ognized by the Commission as general licenses 
to conduct the same activity in non-agreement 
States, subject to pertinent provisions in nrc 
regulations, provided certain conditions are met. 
The Agreement State licensee must: (1) regis¬ 
ter with the nrc prior to engaging in activity 
in the non-agreement State by filing nrc Form 
241, “Report of Proposed Activities in Non- 
Agreement States”; (2) dispose of, or transfer 
radioactive material only to persons specifically 
licensed to receive it or who are exempted from 
licensing; (3) possess or use materials in non¬ 
agreement States as authorized by the Agree¬ 
ment State license no more than 20 days in any 
1*2 consecutive months. Agreement States recog¬ 
nize nrc licenses under similar reciprocity 
procedures. 
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Section Sit 


SAFETY STANDARDS AND REGULATIONS 


In applying for a license to use radioisotopes, 
you a .11 need to understand the radiation safety 
stand irds and certain other regulations issued 
by the NRC . These rules are designed to protect 
workers and the general public from harmful 
exposure to radiation. They have been adopted 
by the C emission ns the basis for its hci using 
in** saiety controls, in accordance with the pro¬ 
visions of the Nuclear Regulatory Commission 
for protecting health and safety. Tlie regula¬ 
tions are published under Title 10 of the Code 
of Federal Regulations. 

The following regulations relate to radioiso¬ 
tope licensing and safety: 

lu CFR Part 20, “Standards for Protec¬ 
tion Against Radiation,” which contains 
standards of safety applicable to all per¬ 
sons possessing or using licensed radio¬ 
active materials. This is the basic radiation 
safety regulation. 

10 CFR Part 30, “Rules of General 
Applicability to Licensing of Byproduct 
Material,” which contains the basic rules 
for licensing of radioisotopes, but certain 
aspects of byproduct material licensing are 
dealt with in Parts 31 through 36. These 
different aspects are indicated by the titles: 

10 CFR Part 31, “General Licenses for 
Certain Quantities of Byproduct Material 


* For the convenience of licensees desiring such a service, 
the NRC provides prompt distribution of all rule changes 
through the Government Printing Office on a subscription 
ha-is. The service consists of a complete loose-leaf set of 
NRC Rules and Regulations (Title 10, Chapter I, Code of 
Federal Regulatlous) and replacement pages reflecting amend 
ments to effective rules and proposed rules aa they are pub- 
Ushed In the Federal Register, keeping the set up to date. 
In addition to the rules and regulations, the set includes a 
cross-referenced section of statements of consideration pub¬ 
lished at the time each regulation was Issued or amended. 
NRC Rules and Regulations, Including all replacement pages 
for an Indefinite period, may be ordered only from the Super¬ 
intendent of Documents, Government Printing Office, Wash¬ 
ington, D.C. 20402. The price la $7.00 («2.00 additional for 
foreign mailing). 

8*0-104 O—6U-2 


and Byproduct Material Contained in Cer¬ 
tain Items.” 

10 CFR Part 32, “Specific Licenses to 
Manufacture, Distribute, or Import Ex¬ 
empted and Generally Licensed Items 
Containing Byproduct Material.” 

10 CFR Part 33, “Specific Licenses of 
Broad Scope for Byproduct Material.” 

10 CFR Part 34, “Licenses for Radiog¬ 
raphy and Radiation Safety Require¬ 
ments for Radiographic Operations.” 

10 CFR Part 35, “Human Uses of By¬ 
product Material.” 

10 CFR Part 36, “Export and Import of 
Byproduct Material.” 

10 CFR Part 71, “Packaging of Radio¬ 
active Material for Transport.” 

These regulations prescribe, among other 
things, the kind of information which must be 
submitted to the NRC by applicants for licenses 
in the respective categories; the criteria for 
radiation protection; the criteria for approval 
of license applications; rules pertaining to the 
transfer of licensed materials; record-keeping 
requirements, and rules relating to the amend¬ 
ment, modification, suspension or revocation of 
licenses. 

In developing NRC. regulations on radiation 
safety, the Commission i9 guided by the recom¬ 
mendations of the Federal Radiation Council, 
the National Council on Radiation Protection 
and Measurements, and the International Com¬ 
mission on Radiological Protection. Industry 
representatives and other interested persons ore 
invited to submit comments on proposed rules. 

The NRC Division of Radiation Protection 
Standards continually reviews radiation safety 
requirements and makes necessary revisions to 
keep safety regulations abreast of developments 
in tho use of atomic energy and man’s growing 
knowledge about tho effects of radiation. 
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Section IV 

YOU MAY NOT HAVE TO GET A SPECIFIC LICENSE 


Many prospective users of radioisotopes will 
not have to obtain specific licenses because of 
exemptions applying to particular kinds, quan¬ 
tities and U.-.C9, or because of general licenses 
which permit possession and use of specified 
'•adioisotopes within stated limitations. Both the 
g' neral licenses and the exemptions are pub¬ 
lished in the regulations. Pertinent parts of 
the regulations are reproduced in Appendix C 
(for general licenses) and Appendix D (for 
exemptions). 

A. General Licenses 

General licenses are effective without the ne¬ 
cessity for applications or the issuance of licens¬ 
ing documents to particular persons. A general 
license permits the possession and use of speci¬ 
fied kinds and quantities of radioisotopes, 
subject in some cases to certain regulatory re¬ 
quirements. In some instances, registration with 
NRC is required to use radioisotopes under a 
general license. 

Most materials and products available under 
a general license and the limitations upon quan¬ 
tities and uses are listed in Part 31, “General 
Licenses for Certain Quantities of Byproduct 
Material and Byproduct Material Contained in 
Certain Items.” (See Appendix C.) Radioiso¬ 
topes which may be used under general licenses 
are for the most part incorporated in products, 
devices or equipment manufactured under spe¬ 
cific licenses issued by the Commission, or by an 
Agreement State. If you want to use a commer¬ 
cially distributed device containing radioiso¬ 
topes in an industrial operation, your supplier 
should be able to tell you whether it is dis¬ 
tributed under a general license and, if so, the 
conditions under which it is to be used. For 
example, certain equipment purchased under a 
general license must be installed by the manu¬ 
facturer or distributor, and after installation 
the device may not be transferred, abandoned, 
or disposed of except by transfer to persons 
specifically licensed to receive it. 

There are other general licenses besides those 
included in Part 31. A general license for medi¬ 


cal use of limited quantities of designated radio¬ 
isotopes is contained in Part 35, “Human Uses 
of Byproduct Material,” which lists the routine 
diagnostic procedures authorized under this 
general license. General licenses for the export 
of specified kinds and quantities of radio¬ 
isotopes are published in Part 36, “Export and 
Import of Byproduct Material.” Importation of 
certain quantities of radioisotopes is permitted 
under a general license contained in Part 31. 
(All of these are contained in Appendix C.) 

Users or prospective users of radioisotopes 
should acquire an understanding of the regula¬ 
tory provisions relating to their use of by¬ 
product material because the use of radioactive 
material is subject to some requirements unless 
the use is under an exemption from licensing. 

B. Exemptions 

The exemptions from licensing requirements 
are set forth in detail in Part 30, “Rules of 
General Applicability to Licensing of By¬ 
product Material. (See Appendix D.) Of par¬ 
ticular interest may be the exemptions for small 
quantities of certain radioisotopes when incor¬ 
porated in specified products. The manufacture 
and distribution of such products are generally 
subject to specific licensing requirements. An 
example of a product containing radioactive 
material which is exempted is a watch whose 
hands and dials are made luminous by applica¬ 
tion of the radioisotope tritium or promethium- 
147. The manufacturer of luminous watch dials, 
however, must be specifically licensed. 

Exemptions from licensing requirements are 
based mainly on a determination by the Com¬ 
mission that the exempted classes or quantities 
of byproduct material or kinds of uses or users 
will not constitute an unreasonable risk to the 
common defense and security or to public health 
and safety. Any interested person may apply to 
the Commission for exemption of a particular 
class, quantity, or use of radioisotopes, under 
these criteria, or the Commission may make an 
exemption on its own initiative. 
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Section V 


QUALIFYING FOR A SPECIFIC LICENSE 


If you desire to possess and use radioisotopes 
in A manner, form or quantity not exempted 
from licensing and not covered by a general 
license, you will have to apply for and obtain 
a specific license from the Commission (or an 
Agreement State) issued for specified uses. (The 
applicant may be an individual, firm, corpora¬ 
tion, association, public or private institution 
or agency.) 

A. Preparing an Application 

Here is how you go about applying for a 
license to use radioisotopes: 

Your application ordinarily should be 
submitted on Form NRC-313, the basic 
application form for byproduct material 
licenses. (There are other application forms 
for special purposes.) Form .NRC-313 is 
accompanied by a sheet of instructions 
which you should follow closely in prepar¬ 
ing your application. (A completed sample 
Form NRC -313 is reproduced in Appendix 
E, with the instruction sheet.) Supple¬ 
mental sheets may be attached to Form 
NRC -313. Application forms may be ob¬ 
tained by writing to the Director, Divi¬ 
sion of Materials Licensing, U.S. Nuclear 
Regulatory Commission, Washington, D.C. 
20545. 

In filing your application, you should 
submit two copies of Form NRC -313 and 
two each of the supplemental sheets or 
other attachments. You should keep at least 
one complete copy of your application for 
your files because the license usually re¬ 
quires that you follow the procedures and 
limitations set forth in the application. It 
also will come in handy if you need to 


obtain an amendment to your license at any 
time and when you apply for renewal. 
Depending upon the complexity of your 
proposed operations, you may need to sub¬ 
mit comprehensive supplements describing 
your procedures and other pertinent facts. 

The information you give on Form|NRC- 
313 is evaluated by the !NRC to determine 
whether you have the necessary qualifica¬ 
tions to conduct your proposed operations 
in compliance with the Commission’s safety 
standards. While you must state the pur¬ 
pose for which you intend to use radioiso¬ 
topes, it should be understood that the NRC 
in issuing a license does not pass upon the 
technical merit of your project, but is con¬ 
cerned only with its safety—except that in 
the case of medical uses, radioisotopes are 
not authorized for routine administration 
to humans unless it has been demonstrated 
through research that they are likely to ac¬ 
complish the desired results. Applications 
for nonroutine medical uses of radioiso¬ 
topes are reviewed by the Commission’s Ad¬ 
visory Committee on Medical Uses of 
Isotopes. 

The NRC’s safety evaluation of your ap¬ 
plication is made on the basis of your train¬ 
ing and experience and the instrumentation, 
equipment, facilities and procedures you 
propose to use for radiation protection and 
waste disposal. It is important, therefore, 
for you to present the required information 
accurately, clearly, and completely. If your 
employees are to handle radioisotopes, they 
must also have adequate training and 
cx[>erience, and this must be shown in the 
application. In some cases a member of the 
NRC regulatory staff may visit an appli¬ 
cant’s plant or laboratory before action is 
taken on his application. 
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HOW TO GET A LICENSE TO USE RADIOISOTOPES 


Training 3 in basic radioisotope han¬ 
dling techniques should include training in 
(a) the principles and practices of radia¬ 
tion safety; (b) radioactivity measure¬ 
ments, standardization and monitoring 
techniques and instruments; (c) mathemat¬ 
ics and calculations basic to the use and 
measurement of radioactivity; (d) bio¬ 
logical effects of radiation; and (e) the 
handling or use of radioisotopes commen¬ 
surate with the types and quantities to be 
employed in the program. The extent of 
experience and training required is based 
upon the nature and complexity of a given 
program. 

The application must include your name 
and address and give detailed information 
on the quantity, type, and chemical or 
physical form of radioisotopes to be used, 
and the purpose for which radioisotopes 
will be used. 

B. Special Licensing Guides 

To meet problems peculiar to certain cate¬ 
gories of radioisotope use, the NRC! has pre¬ 
pared special licensing guides to assist appli¬ 
cants for licenses in these fields. A prospective 
user of radioisotopes in any of these categories 
should obtain the appropriate NR C licensing 
guide and follow its instructions carefully in 
preparing his application. He may have to use 
a special application form, which will be indi¬ 
cated in the particular licensing guide dealing 
with his field of interest. 

Single copies of these special guides may be 
obtained at no charge by writing to the Direc¬ 
tor, Division of Materials Licensing, U.S. 

Nuclear Regulatory Commission, Washington, D.C. 

20545. The titles are: 

“NRC Licensing Guide—Medical Pro¬ 
grams” 

“NRC Licensing Guide—Industrial Radi¬ 
ography” 

“NRC Licensing Guide—Teletherapy Pro¬ 
grams” 

* Training may be obtained by attending college or uni- 
veralty courses or short courses sponsored by the Bureau of 
Radiological Health, HEW. RockvlUe, Maryland 20850 or 
Special Training Division, Oak Ridge Associated Universities, 
P.O. Box 117, Oak Ridge, Tennessee 37830. Courses In the use 
and operation of Industrial gauges or radiography equipment 
are available from companies which distribute this equipment. 


C. The License and Its Provisions 

If your application is approved, the Commis¬ 
sion will issue you a Byproduct Material Li¬ 
cense, Form NRC!-374. As a licensee, you must 
confine your possession and use of radioisotopes 
to the locations and purposes authorized in the 
license. Authorization of locations and purposes, 
however, may be quite broad, depending on the 
needs of the licensee. For example, locations 
authorized by an NRC license may be anywhere 
in the United States (except Agreement States), 
if circumstances warrant 

Your license carries with it, unless otherwise 
provided, the right to receive, acquire, own and 
import radioisotopes and to transfer them to 
other NRC or State licensees authorized to re¬ 
ceive them. Exports of radioisotopes by licensees 
are subject to certain restrictions set forth in the 
regulations. 

The Commission may incorporate in any li¬ 
cense additional requirements or conditions 
deemed appropriate or necessary to public 
health and safety or to the national security. 
(A sample license is reproduced as Appendix 
F.) 

D. Special License Conditions 

Since there is such a wide range in the kinds 
of radioisotopes, their uses, and the quantities 
involved, individual license applications occa¬ 
sionally present unusual considerations that 
require specialized licenses covering circum¬ 
stances not contemplated in the regulations. In 
such cases, the Commission may include in a 
particular license specific requirements covering 
those matters not expressly defined in the regu¬ 
lations. If, after a license is issued, it is found 
that some aspect of the licensee’s activity has 
not been appropriately covered by the regula¬ 
tions or by the conditions in the license, the Com¬ 
mission may issue an order imposing additional 
requirements upon the licensee. On the other 
hand, a licensee may request amendment of his 
license to change or eliminate a condition when 
lie feels his operations warrant such consider¬ 
ation. 
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SPECIFIC LICENSES 


E. Expiration and Renewal 

The term of a license for radioisotopes may 
be from two to five years, depending on the na¬ 
ture of the licensed activity. The expiration date 
of a license should be carefully noted. When a 
licensee has filed an application for license re¬ 
newal SO days or more before its ewpiration, the 
twisting license does not expire until the new 
application has been finally acted upon by the 
Commission. 

An application for renewal of a license should 
be filed on Form NRC -313 under the same pro¬ 
cedure as that for the existing license. Informa¬ 
tion contained in previous applications, state¬ 
ments or reports may be incorporated in the 
renewal application by reference, provided that 
aUvh references are clear and specific. 

F. Amendments to Licenses 

Application for amendment of an existing 
license should be filed on Form nrc -313 under 
the same procedure as that for a new license, 


except that it is not ordinarily necessary to sub¬ 
mit a completely new application. In applying 
for an amendment, a licensee should specify how 
he desires his license to be amended and the 
reasons for amending it, such as the need for 
additional radioisotopes, increased quantities, or 
the like. 

G. License Fees 

The Commission’s regulations in 10 CFR Part 
170 establish fees for certain types of licenses. 
Fees are charged for only two types of byprod¬ 
uct material (radioisotope) licenses—licenses 
which authorize the possession and use of 100,- 
000 curies or mure in sealed sources used for 
irradiation of materials, and licenses which au¬ 
thorize the receipt of waste materials from 
other persons for the purpose of commercial dis¬ 
posal by the waste disposal licensee. The Com¬ 
mission is continuing to study the subject of fees 
for materials licenses not covered by the current 
schedule in § 170.31 of 10 CFR Part 170. 
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Section Vi 

WITH A LICENSE GOES RESPONSIBILITY 


While the NRC decides that an applicant is 
properly qualified to use radioisotopes safely 
Ly virtue of training and experience, facilities 
and equipment, and operating procedures, these 
qualifications do not in themselves assure safe 
use. The NRC relies on licensee management to 
see that employees use radioisotopes safely and 
in accordance with the requirements of the 
license and the regulations. 

Maintaining radiation safety requires respon¬ 
sible planning, supervision and adherence to 
safe practices on the part of the licensee. Oper¬ 
ational safety is governed by two factors. The 
firet consists of the material, equipment and 
procedures used. The second consists of the 
persons who use the material and equipment, 


which includes maintaining sufficiently trained 
personnel. Both factors are under the control of 
the licensee. Operational safety, therefore, is his 
responsibility. Periodic checks to see that em¬ 
ployees are following management’s instruc¬ 
tions and radiation safety rules are essential in 
maintaining safe operations. 

Commission regulations require licensees to 
maintain certain records concerning their pro¬ 
gram. Management should give particular at¬ 
tention to establishing a system of records cov¬ 
ering the receipt, transfer, export, and disposal 
of radioisotopes; radiation exposure of persons 
working in the program, and surveys made to 
evaluate radiation safety. 
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Appendix E 


Form NRC-313b(l) 
(8-64) 


UNITED STATES 

NUCLEAR REGULATORY COMMISSION 


INSTRUCTIONS FOR PREPARATION OF 
APPLICATION FOR BYPRODUCT MATERIAL LICENSE 
FORM NRC-313 ond 313a 


GENERAL INFORMATION 


An applicant for • “Byproduct Material (Radioisotopes) License" 
should complete Form NRC-313 in detail and submit in duplicate 
to the United States Nuclear RegUator Commission. The applicant 
should endeavor to cover his entire radioisotope program with one 
application, if possible. However, separate applications should be 
submitted for medical teletherapy and gamma irradiators. Sup¬ 
plemental sheets may be appended when neesasary to provide 
complete information, /fern 16 must be completed on all applica¬ 
tion* Submission of on incomplete application will often remit 
in a delay in issuance of the licence because of the correspondence 
neoeei ary to obtain information requested on the application. 

Non.—When the application includes one of the special uses listed 
below, the applicant should request the appropriate pamphlet 
which provides additional instructions: 

1 Industrial Radiography—"Licensing Requirements for In¬ 
dustrial Radiography” (use application FORM NRC-313R 
for Radiography); 


2 Teletherapy—“Licensing Requirements for Teletherapy 
Programs;" 

3 Broad License (research and development)—"Licensing 
Requirements for Broad Licenses for Research and Devel¬ 
opment;” and 

4 Broad License (medical uses)—“Licensing Requirements for 
Broad Medical Use.” 

The Form NRC -313a should be completed in detail each time a 
medical request is made for a human use of radioisotopes. Taro 
copies of the completed Form NRC-313 and 313a (if a medical ap¬ 
plication) and two copies of each enclosure thereto, should be sent 
to the U.S. Nuclear Regulatory Commission, Division of Materials 
Licensing, Washington, D.C., 20545. One copy should be retained 
for the applicant's Ole. 


EXPLANATION OF FORM nrc-313 

iv*. 


1 (a) The “applicant” is the organisation or person 
legally responsible for possession and uae of the by¬ 
product material specified in the application. 

(6) Indicate other address(es) at which byproduct 
material will be used if different from that listed in 
1(a). A post office box number is not acceptable. 

2 The "department” is the department or similar sub¬ 
division where the byproduct material will be used. 

3 Self-explanatory. 

4 The "individual user” is the person experienced in use 
and safe handling of radioisotopes. If the application 
is for "human use," the individual user must be a phy¬ 
sician licensed by a State or Territory of (As United 
Slates to dispense drugs in the practice of medicine 
and have extensive experience for each proposed 
clinical use. 

6 Self-explanatory. 

6 (a) List by name each radioisotope desired, such as 
"Carbon 14,” "Cobalt 60,” etc. 

(b) List chemical and/or physical forth for each radio- 
iaotope and the quantity of each which the applicant 
desires to possess at any one time. It more than one 
ehcmiea! or physical form of a particular radioisotope 


is desired, a separate possession limit should be stated 
for each form. For example, an applicant desiring to 
use two chemical forms of Iodine 131 must specify both 
forms and a possession limit for each form. Example: 

Iodine 131 Iodide 10 millicuries 

Iodine 131 Iodinated Human 1 millicurie 

Serum Albumin 

Krypton 85 Gas 1000 millicuries 

If the byproduct material is to be obtained as a sealed 
source (a), specify the manufacturer, model number, 
and amount of activity in each sealed source. Example: 

Cobalt 60 3 Sealed Sources, 100 me 300 millicuries 

each (Iso Corp. Model 
Z-54) 

7 State the use of etch byproduct material and chemical 
form specified in Item 6(a) and lb). If the radioiso¬ 
tope is for "human use," do not complete this item; com¬ 
plete Form NRC -313a, Supplement A—Human Use. 

8-8 These items must be completed for each individual 
named in Item 4. It more than one individual ia listed 
in Item 4, clearly key the name of each individual to hia 
experience. 

10-16 Self-explanatory. 
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HOW TO GET A LICENSE TO USE RADIOISOTOPES 


Appendix E —Continued 

EXPLANATION OF FORM inrc-3 Ilo—SUPPLEMENT A—HUMAN USE 

flea Ms. 


1 Self-explanatory. 

2 Self-explanatory. 

I Federal Regulations provide that the using physician 
have substantial experience in the proposed use, the 
handling and administration of radioisotopes and, 
where applicable, the elinieal management of radio¬ 
active patients. The physician must furnish suitable 
evidence of such experience with his application. Sup¬ 
plement A—Human Use—Page 3 is provided for con¬ 
veniently presenting these details. 

4 Name or describe each clinical use for each radioisotope 
and chemical form administered. List radiological 
protection procedures to be followed in sufficient detail 
to permit a realistic evaluation of the potential radio¬ 
logical hazards. 

3 (a) Dosage for treatment of patients will depend upon 
the clinical judgment of the responsible physician; the 
NRC is only interested in the proposed dosage rungs. 

(b) For experimental programs or new and unusual 
uses, the maximum single dose of radiomaterial to be 
administered should be included and the approximate 
number and frequency of auch doses. Rationale for 
unusually high dosages should be presented. The pro¬ 
posed use should be outlined in detail demonstrating 
that radiological health safety to the patient will not 
be jeopardised. If the use duplicates, or is baaed on, 
a use reported in the technical literature, an abstract 
of auch a report or article and a brief statement as to 
how such use will be followed or modified will suffice. 

4 Radioisotopes furnished by iNRC facilities are pharma¬ 
ceutically UNREFINED. An applicant should include 
information regarding processing or standardisation 
procedure if byproduct material will not be obtained 
in precalibrated form for oral administration or 
precalibrated and sterilised form for parenteral 
administration. 


7 Self-explanatory. 

8 (a) Give the name and addrssefes) of the hospital(s) 
which will admit your patients that have been admin¬ 
istered radioisotopes. 

(6) Submit in duplicate a copy of the radiological protec¬ 
tion • instructions furniahed to the hospital personnel re¬ 
garding the care of patients to whom radioisotopes have 
been administered. Attach also a list of radiation in¬ 
struments you will make available to the hospital. 

- 9 (a), (b) To be completed by using physician. 

10, II, It is recommended that these items be completed by the 
12 applicant physician’s preceptor in the medical use of 
radioisotopes. The preceptoring physician is usually 
the chairman of the medical isotopes committee of 
the institution where clinical experience was acquired. 
However, the preceptor may be a staff physician expe¬ 
rienced in the clinical use of radioisotopes under whom 
the using physician’s radioisotope training and experi¬ 
ence was acquired. If possible, the using physician's 
entire clinical radioisotope experience should be in¬ 
cluded. Additional comments may be presented in the 
space provided on page 4. 

Non .—For Medical-Institutional Type Program 

1 List the names, medical specialties, and radioisotope 
experience, if any, of each member of the local isotope 
committee. 

2 State the procedures the local isotope committee will 
use to control the procurement and to approve uses of 
radioisotopes at the institution. 

3 Submit a copy of instructions given to nurses who will 
care for patients containing byproduct material. 

4 Submit a copy of radiological protection rules and pro¬ 
cedures given to individuals using radioisotopes at the 
institution. 


547 



HOW TO GET A LICENSE TO USE RADIOISOTOPES 


Appendix E —Continued 


TRAINING AND EXKRI€NC€ Of EACH INDIVIDUAL NAMED IN ITEM 4 ( u» tapp bmU >W» .1 M<.»ar r l 


I. type or training 


i 1 1 i*n | 


WHERE TEAMED 

DURATION OF 
TRAINING 

On TMf JOt 

fCucb answer) 

FORMAL course 
(C nla aaamt) 

Univ. of Michigan - Ann Arbor 
and 

1 year 

Vm 

No 

Flo 

Oak Ridge Institute of Nuclear 
Studies - Oak Ridge, Tennessee 
(both courses covered subjects) 

6 weeks 

Yo. 

a 

No 


I. MoMomoIki and cokwlohoni banc to lb* 
im tad MMiwamal el rod.oocti.il, 

4. Magical idactt el rediotiaa 


9 . EXPERIENCE WITH RADIATION (Actual UH aI rodioitolopol or oqtrtoolonl oi per tone* ) 


MAXIMUM AMOUNT 


1-131 

P-32 

Ca-13 

C-l4 


10. HAOMTON DETECTION INSTRUMENTS (Uw luppkoootol the.li if nocanor, ) 



WHERE EXPERIENCE WAS GAINED 

DURATION OF EXPERIENCE 

TYPE Of USE 

University of Michigan 

1 year 

Research and Teaching 

If It It 

It 

Plant Metabolism 

II It It 

it 

Synthesis - labeled 
compounds 

0RINS 

2 weeks 

Animal Experiments 


TYPE OF INSTRUM NTS 
(Mclvda Ml. and modal numbor ol ooch| 

NUMRER 
AVAIL ARLi 

radiation 

OfTICTID 

Mica Instr. Co. Model 2 

1 each 

beta- 

Scaler &. Model 3 Gns 
Flow Counter 


gamma 

Mica Model 1 Scintil- 

1 

beta- 

lation Counter 


gamma 

Ace Instr. Co. Model 

1 

beta- 

H. GM Survey Meter 


gamma 



WINDOW THICKNESS 

USE 

(mg 'em ) 

(Monitoring, surveying, measuring) 

-- 

Measuring 

— 

Measuring 

2 -iSs 

Survey 


ii method, imquenct. and standards USED in caiirratino mstruments usteo arove Survey instrument calibrated 
every 6 months with Co 60 standard. Measuring instruments checked as needed using 
reference sources from National Bureau of Standards. 


12. FK.M SADGCS. DOSlMCTfKS. A NO 610- ASSAY PROCEDURES USED (For film bodget, *peofy "»fliod of calibrating and proctumg, or narno of supplier ) 

Film badge service from Johnson Co. on a monthly basis. 


INFORMATION TO BS SUBMITTED ON ADDITIONAL SNEZTS IN DUPUCATC 


12. FACILITIES AND EQUIPMENT. Describe laboratory ftoliNi tN remoto hondimg equipment, storage containers. tAuldiRQ, fume hoods, elr Esplo notary sketch 

mwm -m mr . ic-c.- --t„ n. _ See Attach ment _ 

14. RADIATION PROTECTION PROGRAM. Describe the rotation protection program including control measures if application covert wealed sources, submit leofc 
Besting procedures where applicable, name, training, ond neperRenee ol person to perform leak tests, and arrangements lor performing mitiol radiation survey, serv 
Kmg. momtenoncs and repair ol the source 

_ See Attachment _ 

13. WASTE DISPOSAL N o commercial waste disposal service is employed, specify name of company Otherwise, submit detailed description of methods which will 
be used for disposing ml radioactive wastes and^estimates eHhe type ond amo u n t of activity involved. S66 At-taBChlTK^nt. 




wfiftliir 


CKRTIFICATEJTMr Hi m must bp wi wpll l ld By apfUtawt) 

II THE APPLICANT A NO ANY OFFICIAL EXECUTING THIS CERTIflCATE ON RE HALT OF THE APT! 1C ANT NAMED IK ITEM I. CERTIFY THAT THIS APPLICATION IS 
PREPARED IN CONFORMITY WITH TIHE 10. COOE OF FEDERAL REGULATIONS. PART 10. A NO THAT All INFORMATION CONTAINED HEREIN. INCIUOIF4G ANY 
SUPPLEMNTS ATTACHED HERETO. IS TRUE A NO CORRECT TO THE REST OF OUR KNOWLEDGE ANO RELIEF. 


_National Founda tion f or Re search 

Appliconbpomed m item I /T. 

By: - 


David A. Gaunt 
Director of Research 

Title of certifying ofiooi 


WAR NINO.— 1 8 U S C., Section 1001 , Act of iwno 25, 1948 . 62 Slot 74 ?. mokes it o cnmmol offehse to moke o willfully folse statement or 
t o pr o B o ntotion to ony deportment or ogoncy of the United Stoles os to ony mottei within its urnsdichon 
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SAMPLE APPLICATION 


Appendix E—Continued 

SAMPLE APPLICATION 

FORM nrc- 313 
Item 13 

All Isotopes are received and stored in the Radioisotope Laboratory. This facility 
is equipped with lead storage containers, portable lead bricks for shielding, re¬ 
mote handling tongs, work benches, sinks, trays, waste containers, and similar equip¬ 
ment. See attached sketch of layout. The counting room next door contains the 
measuring instruments and the room is equipped with table, laboratory bench, sink, 
and waste container. See attached sheet for animal uses. 

Item 14 and Item 15 

All isotopes must be procured by the purchasing office upon approval of the Direc¬ 
tor of Research. 

Isotopes will be stored in a locked storage container in the Radioisotope Labora¬ 
tory. Only persons under the supervision of the responsible user shall have access 
to the materials. 

Weekly surveys will be made with a GM survey meter in all areas where isotopes are 
handled, stored, or dispensed. Chemical synthesis of labeled compounds or any 
handling of bulk radioisotopes will be confined to the radiochemical hood using ap¬ 
propriate shielding to reduce radiation levels. Laboratory coats and rubber gloves 
will be worn when processing loose materials or handling contaminated articles. 

All repair and maintenance of sealed sources will be performed by the X Company. 

The responsible user will leak test the sealed source by using a dampened cotton 
swab held by tweezers while the source rests in the recess of its storage container. 
The test sample will be counted in the gas flow counter. 

PROCEDURES FOR USE OF BYPRODUCT MATERIAL IN ANIMAL RESEARCH PROGRAMS 

All samples of byproduct material to be administered to animals will be prepared in 
the Radioisotopes Laboratory on easily decontaminated surfaces or in a ventilated 
hood if necessary. Rubber gloves and laboratory coats will be worn by personnel 
during these preparations. Remote handling tools are available and will be used 
when necessary. All pipetting of radioactive material will be performed with a re¬ 
mote pipetting device. 

Experimental animals will be caged in a room below the Radioisotope Laboratory. The 
animals will be injected with byproduct materials either in the animal room or the 
Radioisotope Laboratory. The animals will remain in cages until their excretions 
contain only background amounts of byproduct material, or until they are sacrificed. 

The excreta from the animals will be disposed of into the sanitary sewer in con¬ 
centrations not exceeding those specified in Section 20.303 of 10 CFR 20, with a 
total disposal not to exceed 1 curie per year. 

All dry byproduct material waste will be deposited in properly labeled metal cans 
provided in the laboratory and animal room. The cans will be lined with disposable 
polyethylene bags. Short-lived waste will be stored until it emits only backgrmmd 
levels of radiation as measured with a survey meter at contact. The waste will then 
be disposed of in normal trash after all labels denoting radioactivity have been re¬ 
moved . 
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HOW TO GET A LICENSE TO USE RADIOISOTOPES 


Appendix E—^Continued 

Sacrificed animals containing short-lived byproduct material will be stored in a 
freeser until the radioactivity has decayed to background and then they will be dis¬ 
posed of in normal trash. Solid long-lived wastes will be disposed of through a li¬ 
censed commercial waste disposal company. 

Animal cages will be decontaminated with detergent and scrub brushes. Laboratory 
coats and rubber gloves will be worn by personnel. Contaminated water will be 
flushed down the sink or floor drains in the animal room. 

The animal room and laboratory will be surveyed for contamination and radiation 
levels after each preparation and/or administration of radioisotope^). The animal 
room will be locked unless attended by an authorised user of byproduct material. 
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SAMPLE APPLICATION 


Appendix E— 1 Continued 

SAMPLE APPLICATION 
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AIR SAMPLING 






DF380, AIR SAMPLING 


A. Air Sampling. 

1. Gaseous Pollutants. 

Gaseous pollutants may be sampled by monitoring the atmos¬ 
phere with a special gas monitoring instrument such as the 
T-290 (used for tritium monitoring) or by adsorbing, ab¬ 
sorbing, freezing out, condensing or grabbing a sample of 
the atmosphere or environment and counting it on an ap¬ 
propriate instrument. In the latter techniques the volume 
of the sample must be considered. 

2. Particulate Pollutants. 

Particulate pollutants exist as small particles of dust 
or debris suspended in the air. They may be retained 
within the respiratory tract if inhaled. The most common 
method of sampling for these particles is filtration. 

Necessary apparatus may be broken into three general groups: 
air mover, filtration medium, air flow measuring device. 

a. Air Mover. 

The air mover is a mechanical device which draws or pushes 
air through the filtration medium. A vacuum cleaner would 
make an adequate high volume air moyer. Commonly used air 
movers are manufactured under the trade names of "Staplex" 
and "Gelsen." 

b. Filtration Medium. 

The filtration medium may be cellulose filter paper, in¬ 
organic fibrous mat, felt, dry gel filter, or any other 
suitable material. It should be capable of trapping and 
retaining the majority of particles existing as contami¬ 
nation and yet it should not greatly reduce the flow of 
air through the system. The most commonly used filter 
media are fiber glass mats and filter paper. When samp¬ 
ling is complete the filter is removed from the sampler 
and the quantity of contaminant determined on an appro¬ 
priate instrument. 
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c. Air Flow Measuring Device. 

In order to determine the concentration of contaminants 
in the air it is necessary to know the volume of air 
sampled. A conventional device for determining air flow 
is an air flow meter or "visifloat." These are an inte¬ 
gral part of most commercial samplers. The flow meters 
are calibrated in cubic feet per minute. The total 
volume is the flow rate times the time of the sample. 

B. Calculation. 

1. There are always naturally occurring isotopes present 
in the environment. Radon (^^^Rn) and Thoron (^^^Rn), 
are naturally occurring radioactive gaseous descendant 
products of Uranium 238 and Thorium 232. They, along 
with their daughter products are found throughout the 
earth's atmosphere. One must always consider these 
when determining the airborne contamination. 


554 



2. Assuming that the man-made contamination is long-lived, 
the counts due to radioisotopes on the filter at any¬ 
time after sampling has been stopped may be represented 
by the expression 

C - C LL + + C Rn' XRnt 

where C TT = counts due to the long-lived isotope 
LL 

counts due to thoron at time sampling stopped 
counts due to radon at time sampling stopped 
decay constant of thoron series 


decay constant of radon series 

time after stopping of air sample at which 
count is taken. 

The radon decay series decays to an insignificant amount of 
radioactivity 4 hours after the sampling is stopped 
(ti/ 2 - 30 min). 

and C = C + C m e ^Tn 1 

1 LL Tn 

where C-^ = a count taken at least 4 hours after the 

sampling is stopped 

t^ = the time after sampling of count, 

If a second count is taken approximately 20 hours after 
the initial reading,the number of counts, C^, is 

C 2 = °LL + ‘ V '^ 2 

where t^ = the time after the sample at which the second 

count was taken. 
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cpm = counts per minute due long-lived material 
V (ml) = volume of air sampled in cubic centimeters 
E ffl (collector) = efficiency of collector 

E fc (counter) = efficiency of counter (geometry) 
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4. To convert disintegrations per minute per ml into 
microcuries per milliliter, the following is used: 

(d/m-ml) (4.505 x 10" T ) = qCi/ml 

where pCi/ml = microcuries per milliliter. 


5- The three equations listed above may be combined 
into one equation, if desired. 

(C 2 - C-,0) (4.505 X 10' T ; 
tlC1/,,a = U - 9>) (V_3 X E ff x TZ f J 


rm~ 


f C ‘ 


M)TE: V is generally expressed in ftr so the conversion 
to cm^ is ft^ x 2.83 x lo\ 
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II. Student Performance Objectives. 

A. Given standard air sampling equipment, set up and perform 
routine air sampling operations. 

B. Given standard air sampling equipment after routine air 
sampling operations, safely remove, cut, and prepare the 
air sample filter for counting. 

C. Given the prepared air sample filter properly cut, perform 
required radiation counting on this filter. 

D. Given the counting data from an air sample filter, perform 
required calculations to determine the long-lived activity. 
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Notes: 
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Notes: 
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Notes: 
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Table of or fi 


as a Function of At 


At in hours 

_ i *_ 


At in hours 

of 


At in hours 

A . 

1 

.93239 


17 

.32956 


33 

.11533 

2 

.87809 


18 

.30728 


34 

.10753 

3 

.81873 


19 

.28938 


35 

.10127 

4 

.77105 


20 

.26982 


36 

.09442 

5 

.72615 


21 

.25158 


37 

.08892 

6 

.67706 


22 

.23693 


38 

.08291 

7 

.63128 


23 

.22313 


39 

.07808 

8 

.59452 


24 

.20805 


40 

.07280 

9 

.55433 


25 

.19398 


41 

.06788 

10 

.51685 


26 

.18268 


42 

.06393 

li 

.48675 


27 

.17033 


43 

.05961 

12 

.45384 


28 

.16041 


44 

.05613 

13 

.42741 


29 

.14957 


45 

.05234 

Hi 

.39852 


30 

.13946 


46 

.04929 

15 

.37531 


31 

.13134 


47 

.04596 

16 

.34994 


32 

.12246 


48 

.04328 


Use X = 0.0655 (thorium) 

Round off exponents to the nearest one hundredth. 
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III. Problems 


Class and Home Study Problems. 

1. An airborne sample gives a count of 403 cpm after 4 hours. 
At 2 6 hours the count was 393 cpm. The background count 
was 3 cpm. The collector was 75$ efficient. The volume 

of air filtered was 6,000 ft^. The counter was 10$ 
efficient. 

a. What is the airborne concentration of the isotope 
in |iCi/ml? 


239 

b. If the isotope is known to be Pu, insoluble, is 
the concentration within the established limit in 
a restricted area? 
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233 

c. If the isotope were U, soluble, would the 
concentration be within the established limit 
in a restricted area? 


2. An airborne sample gives a count of 4l,000 cpm after 
4 hours. At 24 hours, the count was 38,400 cpm. The 
collector is 70% efficient. The counter efficiency is 
10% and the background is 100 cpm. The sampler was in 
operation 5 minutes at a flow rate of 20 cubic 
feet per minute. 

a. What is the airborne concentration of the isotope 
in pCi/ml? 
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Could this room be used if the isotope is Tungsten-l8l, 
soluble, and the room is unrestricted? 


b. 


3. A sample of airborne contamination was collected for Z hours. 
The sampler filtered 4o cubic feet per minute with 80$ effi¬ 
ciency and gave 1050 cpm 4 hours after sampling and 985 cpm 
2k hours after sampling. The background was 10 cpm and the 
counter efficiency was 8%. Further investigation showed that 

the contamination was a soluble beta emitter with E at 2.3 

max 

Mev and half-life of 6l days. It was found to be Antimony-124. 

Is the allowed airborne concentration for this isotope in an 
unrestricted area exceeded? 
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4. A sample of airborne contamination was taken using a 

sampler with the following characteristics: 115 v, 5 amp, 
3,000 rpm, 0.5 horsepower. The sample was collected 
for 1 hour on a Whatman No 41 filter paper disk, 4 inches 
in diameter. It has been determined that this filter is 
90$ efficient. The flow meter on the sampler indicated 
that 21 cubic feet per minute were passing through it. 

A 2-inch diameter disk of the filter paper, counted 4 hours 
after sampling, gave a count of 83,^66 cpm. After 27 
hours, a count of 73,150 cpm was obtained on the same 2 -inch 
disk. Counter efficiency was 5 $ and background was 36 cpm. 
It was determined that the contamination was soluble Iodine- 
131. Does the iodine concentration exceed those for an un¬ 
restricted area? 
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You are on a project in which soluble Manganese-52 dust 
may become airborne. As a check, you routinely take 1- 
hour air samples using a sampler which filters 30 cfm with 
80$ efficiency. You use a counter with 15$ efficiency. 

An activity due to long-lived isotopes greater than a 
predetermined number of counts per minute indicates a 
need to restrict the area. What is the predetermined 
number? 



IV. 


Solutions to Problems. 


Solutions to Class and Home Study Problems. 

1. a. Determine the counts per minute due to long-lived 
isotopes, C TTj . 


C 2 - ( Cl )0 

c x = U03 - 3 = to 

^ 1 - <p 

c 2 = 393 - 3 = 390 


From Table (page 562) 0 for At of 22 hours, 
G (26 - 4) is 0.237. 


r = 390 - (0.237)(^00) 

LL 1 - 0.237 

390 - 94.8 
0.763 

= 387 cpm 

Determine the disintegrations per minute, Y, due to 
the long-lived isotope. 


Y 


Y 


d/min-ml = 


LL 


V X E ff x E fe 


C LL = 387 cpm 
V = 6,000 ft 3 

= 6,000 ft 3 x 2.83 x 10 4 ml/ft 3 

E ff = 75% = 0.75 


E = 10% = 0.10 c/d 

_ 387 c/m _ 

6 x 10 3 ft 3 x 2.83 x 10 4 ml/ft 3 x 0.75 x 0.1 c/d 

3.87 x 10‘ 3 
6 x 2.83 x 7.5 

3.04 x 10 - ^ d/min-ml 
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Convert disintegrations per milliliter-minute 
to concentration, Z, in microcuries per milli¬ 
liter. 

Z = Y x 4.505 x IQ"? pCi/d/m 

= 3.0b x 10 "^ d/ml-min x 4.505 x 10'^ pCi/d/min 

= 1-37 x IQ -11 pCi/ ml 


239 

b. Look up concentration limits of insoluble ^'Pu, 
for restricted area, in Title 10, Part 20, App B. 
It is 4 x 10"H. 1.37 x 10"^--*- pCi/ml does not 

exceed this. It is within established limits. 


c. Look up allowable concentration limits for soluble 
2 33u, for restricted area, in Title 10, Parb 20, 

App B. It is 5 x 10" 10 uCi/ml. 1.37 x 10 -11 
pCi/ml does not exceed this, _It^is w ith in established 
limits . - 

2. a. (1) Det ermine the counts per minute due to long-lived 
isotope (C LL ). 


CLL 


C LL 



- (c x ) 0 


_ 

"i~'f - 


C 1 = 

41,000 - 100 = 40,900 

cpm 

c 2 . 

3-3,400 - 100 = 33,300 

cpm 

0 for 

At at 20 hours (24-4) : 

Ls 0.270 

(from 

page 562) 


ii 

,300_- (0.270) (40,900) 



1 - 0.270 


33,300 - 11*040 
0.~73 


= 37,400 cpm 
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(2) 


Convert the counts per minute detected to 
disintegrations per milliliter-minute, Y, 
due to the contamination. 

y __ ^LL _ 

- VxE ff x Efc 

V = 20 ft^/min x 5 min x 2.83 x 10^ ml/ft^ 

= 2.0 x 5 x 2.83 x 10 5 

c 

= 2.83 x 10 ml 
E ff = IQfJo = 0.70 

E_p = 10# = 0.1 c/d 

fc h 

„ 3.7^ x 10 c/m 

1 -- 7 -- 

2.83 x 10 ml x 0.70 x 0.1 c/d 

3.74 

2.83 x 7.0 

= I.89 x 10 _1 d/ml-min 

(3) Convert disintegrations per milliliter-minute, Y, 

to concentration of the contamination in microcuries 
per milliliter, Z. 

Z = (4.505x 10~ 7 pCi/d/min)Y 

= 4.505 x 10" 7 x I.89 x 10" 1 

O 

= _8.51_x_10~__y.Ci/ml 


b. Check Title 10, Part 20, App B, to determine the maximum 
acceptable concentration for soluble Tungsten-l8l in an 

-8 

unrestricted area. It is 8 x 10 pCi/ml. The determined 
concentration exceeds this. The room cannot be used. 
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3. a. Determine the counts per minute due to the long-lived 
isotope C^. 

C 2 - (C^) 0 

C LL = 1-0 C 1 = 1050 - 10 = 1040 

C 2 = 985 - 10 = 975 

0 for a At of 20 hours (24 - 4) is 0.270 (page 562). 

_ 975 - 281 
LL 0.73 

= 951 cpm 

b. Convert the counts per minute, C rT * to disintegrations 

LL 

per minute milliliter, Y, due to the long-lived isotope. 
C LL 

x E ff x E fc 

40 ft^ /min x 2 hr x 60 min x 2.83 x 10 ^ ml/ft^ 
1.36 x 10 8 ml 

80 °J 0 = 0.80 

8 </o = 0.08 c/d 

1 = _ 951 c/min _ 

I .36 x 10 ml x 0.80 x 0.08 c/d 

9 51 x io~ 3 
1 .3b x 8.Ox 8.0 

= I .09 x 10~ 4 d/ml-min 

c. Convert the disintegrations per milliliter minute to con¬ 
tamination concentration in terms of microcuries per milli 
liter, Z. 

Z = (4.505 x 10“ T pCi/d/min)Y 

= 4.505 x 10"' pCi/d/min x I .09 x 10” d/ml-min 
=4.91 x 10 “ 11 pCi/ml 


Y = 


V 


V = 


J ff 


fc 
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d. Determine the maximum allowable concentration for 
12k 

soluble Sb using Title 10, Part 20, App B. It is 

-9 

5 x 10 . This concentration is not exceede d. 

4-. a. Determine the number of counts per minute on the 2 -inch 
disc due to long-lived isotopes. 



= 83,466 - 36 = 83,430 cpm 
C 2 = 78,150 - 36 = 78,114 cpm 

0 for a At of 23 hours (27 - 4) is 0.223 (from page 563). 


78,114 - ( 83 , 430 )( 0 . 223 ) 

(1 - O. 223 ) 

= ——— - " jjj - (using 3 significant figures) 


= 76,600 cpm 


b. Determine the number of counts per minute on the whole 
4-inch filter. 

C LL-4 C LL-2 X 

where ^ = the cpm on the whole 4-inch filter 


C LL 2 = the cpm on the 2 -inch disk 


the area of the Y filter = ft d“ 


x 2 
C LL-1* = 76 > 600 x ^ 


= 76,600 X 4 
= 306 ,400 cpm 
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c. Convert the counts per minute of trapped contamina¬ 
tion to disintegrations per milliliter-minute in the 
air, Y. 


Y = 


'LL -4 


V 

V 


J ff 


x E ff xE fc 

= 21 ft^/min x 60 min x 2.83 x 10^ ml/ft ^ 

= 2.1 x 6 x 2.83 x 10 6 

= 3.56 x 10 7 ml 

70 = 0.90 


fc 


= % = 0.05 c/d 

_ 306,400 c/min _ 

Y = 3.56 x 10 7 x 0.90 x 0.05 d/c 


30.64 _ 

3.56 x 9*0 x 5*0 


-1 


= 1.91 x 10” d/ml-min 


d. Convert the contamination into terms of microcuries 
per milliliter, Z. 

Z = ( 4.505 x 10 ' 7 pCi/d/min)Y 

= 4.505 x 10 " 7 pCi/d/min x 1.91 x 10 1 d/ml-min 

O 

= - 8.6l x 10 " pCi/ml 

e. Determine the maximum permissible Iodine -131 concentra¬ 
tion for an unrestricted area using Title 10 , Part 20 , 
Appendix B. 

It is 1 x 10 The concentration in the air exceeds 

this value. 
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5. a. 


Determine the maximum permissible airborne concentration 
of soluble Manganese-52 for an unrestricted area using 


Title 10, Part 20, App B. 


It is 7 x 10 _ ~ [.iCi/ml. 


b. 


Combining the expression for determining the disintegra¬ 
tions per milliliter minute (Y) from counts per minute 
due to long lived isotope (C TT ), volume of sampled air(V), 

collector efficiency (E ff ), and counter efficiency (E fc ) 



and the expression converting disintegrations per milli¬ 
liter minute (Y) to microcuries per milliliter of air¬ 
borne contamination (z) 

Z = (4.505 x 10~ 7 pCi/d/m)Y 


we have an expression for Z in terms of C TT , V, E and 

LL 11 

E f=- 

z = ( 4.505 X 10“ 7 |aCi/d/min)C LL 
~~ V ~ x E f “ x E fc 


Rearranging, an expression for C TT is obtained. 

IjJj 

Wt n 

4.505 X 10 1 pCi/d/min 

Z = the maximum permissible concentration due 

52 

to the long-lived isotope, Mn. 

= 7 x 10~9 pCi/ml 

V = 30 ft^/min x 60 min x 2.83 x 10^ ml/ft^ 

= 3 x 6 x 2 . 83 x 10 

7 

= 5* 09 x 10 ml 

E ff = 30% = 0.80 

E fc * 15 $ = 0.15 
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Substituting in the known values 


(Jjc _10: 9 __uCi/ml)_(%0_9_x_10’[ ml) (0. 8 o) (0. 15 c/d) 
4.505 x 10^ pCi/c/min 

7 _x JL 09 x 8 ._0 _x 1 ,J> x_ _10 3 
4.505 


= 94,910 cpm 


A count o/er cpm indicates that the area must he 

restricted. 
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Notes: 
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TRANSPORTATION OF 
RADIOACTIVE MATERIAL 


DF400 






DF400, TRANSPORTATION OF RADIOACTIVE MATERIAL 


I. Reference: 

The material taught is from R.M. Graziano Tariff 27 and related 
changes on the DOT regulations and from AR 55-55, "Transportation 
of Radioactive and Fissile Material Other Than Weapons, dated in 
1969- These are the current regulations governing the rights and 
obligations of those concerned with transportation of radioactive 
material. There has been a major change in these regulations. Due 
to the limited number of copies of the R.M. Graziano Tariff Number 
27 (with changes), DOT regulations and AR 55-55, there are no 
student references available; however, the material found in the 
Vu-Graph handout outlines the material rather thoroughly. 

II. Lesson Objectives and Notes. 

A. Define terms involved in the Federal law and AR's governing 
transportation. 

B. Define and discuss the grouping of radioactive material for 
shipment. 

C. Explain package requirements. 

D. Discuss label requirements for the transport group and quantity 
shipped and give explanation of the requirements. 

E. Explain exemptions to the regulations. 

F. Define restrictions on shipment of radioactive materials both 
in passenger carriers and individual vehicles. 

G. Explain the placards required on vehicles and other modes of 
transportation. 

H. Work practical exercise involving transportation problems. 
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Notes: 
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Notes: 
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Notes 
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III. List of Vu-Graph Material used in DF400. 


1. Radioactive Material. 

Any material or combination of material that in any form spontane¬ 
ously emits ionizing radiation and in which the radioactivity per 
gram is greater than 0.002 microcurie or greater. In material less 
than this amount, the radiation must be uniformly distributed if not 
considered as radioactive. 


2. Packaging. 

The assembly of the container and any other components necessary to 
assure compliance with the prescribed packaging requirements.. 

3. Package. 

The packaging plus its content of explosive or other dangerous 
articles as presented for transportation. 

b. Transport Vehicle. 

The conveyance used for the transportation of explosives or other 
dangerous articles including any motor vehicle, rail car or aircraft. 
Each cargo carrying body (trailer, van, box car, etc) is a separate 
vehicle. 


Fissile Radioactive Material. 

Fissile radioactive material means the following materials: 2 38pu ; 
2 39p u , 24lp U; 233 u, 235u or any material containing any of the fore¬ 
going materials. Fissile packages are classified according to the 
control needed to provide criticality safety during transport. 


Large Quantities of Radioactive Material. 


A quantity, the aggregate radioactivity of which exceeds that 
specified below: 


Group I or II 
Group III or IV 
Group V 

Group VT or VII 
Special Form Material 


20 Curies 
200 Curies 
5,000 Curies 
50,000 Curies 
5,000 Curies 
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7. Normal Form Radioactive Material. 

Normal form radioactive material means-those which are not special 
form materials. Normal form materials are grouped into seven 
transport groups. 

8 . Special Form Radioactive Materials.' 

Material, if released from a package, which might present some direct 
radiation hazard but would present little hazard due to radiotoxicity 
and little possibility of contamination (may be inherent properties 
of acquired characteristics, as through encapsulation). 

9- Transport Groups. 

Transport groups are any one of seven groups into which normal form 
radionuclides are classified according to their radiotoxicity and 
their relative potential hazard in transportation. 

10. Transport Index. 

The number placed on a package to designate the degree of control to 
be exercised by the carrier during transportation. It is the highest 
radiation dose rate, in millirem per hour at 3 feet from any 
accessible external surface. The number expressing the transport 
index shall be rounded up to the next highest tenth, e.g., 1.01 
becomes 1.1. 

11. Radiotoxicity. 

Radiotoxicity is the potential total effect on the human body due to 
internal exposure to ionizing radiation presented by a given radio¬ 
isotope. 

12. Technical Escort. 

A group of technically qualified personnel selected to escort a dangerous 
shipment of materials (radioactive, etc) capable of coping with accidents/ 
incidents while en route to insure maximum safety to personnel and 
property (private and public). 

13. Radionuclides Not in Table. 


Radioactive Half-Life 


Radionuclide 


0 - 1,000 

1,000 Days to 

Over 



Days 

10^ Years 

10^ Years 

Atomic Number 

1-81 

Group III 

Group II 

Group III 

Atomic Number 

82 & Over 

Group I • 

Group I 

Group III 
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14. Mixtures of Radionuclides. 


(1) Identity and respective activity of each radionuclide are known, 
permissible activity of each radionuclide shall be such that the 
sum, for all groups present, of the ratio between total activity 
for each group to permissible activity for each group will not 
be greater than unity 

Ca _ Cb + Cc ^ , 

MPCa ~ MPCb MPCc 

(2) Group known but amount in each group unknown - mixture assigned 
to most restrictive group present. 

(3) If identity of all or some radionuclides cannot be reasonably 
determined, each of unidentified radionuclides considered as 
belonging to most restrictive group which cannot positively be 
excluded. 

(4) Mixture of single radioactive decay chain - nuclides in naturally 
occurring proportions - considered as single nuclid?. Group and 
activity shall be that of first member unless another member has 
larger half-life and greater activity, than that member of chain 
used for group and activity. 

15. Type A Package. 

(1) Heat - Direct sunlight at an ambient temperature of 130° F in 
still air. 

(2) Cold - ambient temperature of -40° F in still air and shade. 

(3) Reduced pressure - ambient atmospheric pressure at 0.5 atmosphere 

(4) Vibration - vibration normally incident to transportation. 

( 5 ) Water spray - wetting of package entirely except bottom for 30- 
minute period. Metal, wood, ceramic, or plastic exempt. 

(6) Free drop. Between 1-1/2 and 2-1/2 hours after water spray test, 

a free drop of 4 feet onto a flat essentially unyielding horizontal 
surface, striking in a position for which maximum damage is expects 

(7) Corner drop - free drop onto each corner of the package in succes¬ 
sion, from a height of 1 foot. Tests are primarily for wood or 
fiberboard packages and do not exceed 110 pounds in weight for 

all fissile class II packages. 
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(8) Penetration - Impact of the hemispherical end of a vertical 
steel cylinder 1-1/4 inch in diameter and weighing 13 pounds 
dropped from a height of 40 inches onto the exposed surface 
of the package which is expected to be most vulnerable to 
puncture. 

(9) Compression - compression load equal to either five times 
the weight of the package or 2 lb/eq. in. multiplied by the 
maximum horizontal cross section of the package, whichever is 
greater. The load shall be applied during a period of 24 hours 
uniformly against the top and bottom in the position in which 
the package would normally be transported. 

16. Type B Packaging. 

Meets conditions for Type A packaging plus: 

(1) Reduction of shielding - test will not reduce shielding enough 
to increase the dose rate at 3 feet from external surface to 
more than 1,000 mrem/hr. 

(2) No radioactive material release - release limited to gases and 
contaminated coolant containing total radioactivity exceeding 
neither 0. 1% of the total radioactivity of the package contents 
nor 0.01 curie of group I, 0.5 curie of group II, and 10 curies 
of groups III and IV, except that in inert gases the limit is 
1,000 curies. 

(3) Free drop - 30 feet onto a flat essentially unyielding horizontal 
target surface, striking the surface in a position for which maximum 
damage is expected. 

(4) Puncture - a free drop through a distance of 40 inches striking, 
in a position for which maximum damage is expected, the top end 
of a vertical cylindrical mild steel bar. The bar shall be 6 
inches in diameter, not less than 8 inches long. 

(5) Thermal - radiation environment of 1,475° F for 30 minutes with 
an emissivity coefficient of 0.9 assuming the surface of the 
package has an absorption coefficient of 0.8. 

(6) Water immersion - (fissile packages only) - under 3 feet of water 
for a period of not less than 8 hours. 
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17. Quantity Limitations 


Transport Group 

Type A Quantity 

Type B Quantity 


(in, curies) 

(in curies) 

I 

0.001 

20 

II 

0.05 

20 

III 

3 

200 

IV 

20 

200 

V 

20 

5,000 

VI and VII 

1,000 

50,000 

Special Form 

20 

5,000 

General Packaging Requirements. 



a. The outside of each package must incorporate a feature such 

as seal, which is not readily breakable and which, while intact, 
will be evidence that the package has not been illicitly 
opened. 

b. Smallest outside dimensions of any package must be ^ inches or 
greater. 

c. Materials packaged in packaging designed to maintain shielding 
efficiency and leak tightness so that under conditions normally 
incident to transportation, there will be no release of radio¬ 
active material. 

d. The packaging must be so designed, constructed and loaded that, 
when transporting large quantities of radioactive material, 
heating is not 'a major factor (122° F on package surface in shade 
or l80° F at external surface of vehicle on which material is 

loaded). 

e. Enough absorbent material must be provided to absorb at least 
twice the volume of radioactive liquid contents. Material is 
outside the shield only if it is shown that if the radioactive 
contents were taken up by the absorbed material, the resultant 
dose rate at the surface of the package would not exceed 1,000 
millirem/hr. 

f. No significant removable radioactive surface contamination. 
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18 . 


Maximum Dose Rates Allowable. 


Sealed Car Shipment - except aircraft' : 

(1) 1,000 millirem/hr at 3 feet from external surface of the package. 

(2) 200 millirem/hr at any point on the external surface of the car 
or vehicle. 

(3) 10 millirem/hr at 6 feet from the external surface of the vehicle. 

(4) 2 millirem/hr in normally occupied position in the car or vehicle. 
Other Shipment (Compatible Cargo) : 

200 millirem/hr at any point on the external surface and transport 
index does not exceed 10. Total transport index/car no greater than 
50. 


19. Exempt Materials. 

Radioactive materis.ls in normal fornf hot exceeding: 


Group I 
Group II 

Group .III, IV,V or VI 
Group VII 
Tritium Oxide in 
aqueous solution 


0.01 mCi 
0.1 mCi 
1 mCi 
25 curies 

Concentration not exceeding 0.5 mCi/ml. 
Total activity per package not more 
than 3 curies. 


Radioactive material in special forms: 

Not more than 15 grams of Urani\im-235« 

Radiation dose .rate at any. point on the external surface of the package 
does not exceed 0.5 rnrem/hr. 


Outside of the inner container must bear the marking "Radioactive." 


20. Packaging of Fissile Materials. 

a. Fissile Class I - Packages -which are nuclearly safe in ar.y number 
and in any arrangement under all foreseeable circumstances of 
transport. 

b. Fissile Class II - Packages, which in limited number, are nuclearly 
safe in any arrangement under all foreseeable circumstances of 
transport. 


586 



c. Fissile Class III - Pacakges. which are nuclearly safe by- 
reason of special arrangement. 

21. Radioactive White I Label. 

Dose rate at the external surface of the package does not exceed 
0.5 mrem/hr. 

Not authorized for Fissile Class II or III. 

22. Radioactive Yellow II Label. 

Dose rate at the external surface of the package does not exceed 
10 mrem/hr and the dose rate does not exceed 0.5 mrem/hr at 3 foot 
from the external surface of the package. 

23. Radioactive Yellow III Label. 

(1) Each fissile class III package. 

(2) Each package containing a large quantity of radioactive material 
regardless of dose rates. 

(3) Each package requiring special approval (waiver). 

(4) Maximum dose rate requirement for material transported without 
a waiver when shipped with compatible cargo. 

(a) 200 mrem/hr at external surface of the package. 

(b) 10 millirem/hr at 3 feet from the external surface of the 
package. 

Radioactive labels as outlined above will be affixed to opposite 
sides of the package (two per package). 

24. MIL-STD-1458 dated 11 Dec 1972. Radioactive Materials. 

Making and labeling of item, package, and shipping containers 
for identification in use, storage, and transportation. 

a. DA Label 135. 

b. Radioisotope 

c. Activity 

d. Date measured 

25. DA Form 2791. 
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26. Uses of DA. Form 2791* 

(1) Used for incoming and outgoing shipments. 

(2) Accept incoming packages regardless of contamination. Note 
on this form. 

(3) Contamination levels noted for all shipments. 

(4) Signed by RPO. 

(5) Other forms found in AR 55-55* 

27. Contamination Levels. 


Curies 

d P m 

Source 

10 -11 Ci/cm 2 

2 

2,200/ 100 cm 

Beta-Gamma 

10 Ci/cm 

220/100 cm 2 

Alpha 



(except natural or depleted 



U and natural Th) 

Contaminant known to 

be natural or depleted U or natural Th. 

10“ 10 Ci/cm 2 

22,000/100 cm 2 

Beta-Gamma 

10 ^ Ci/cm 2 

2,200/ 100 cm 2 

Alpha 

Non-closed vehicles • 

- Dose rate of fixed 

contamination not greater than 


0.5 mrem/hr. 



Closed Vehicles - vehicle kept closed at all times except to load. 

Dose rate of fixed contamination not greater than 
10 mrem/hr at interior surface or 2 mrem/'nr at 
3 feet from any interior surface. Vehicle stenciled: 
"For Radioactive Material Use Only" - letters 3 inches 
high on both sides of outside of the vehicle. 
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28. Shipping Papers. 

(1) Exempt quantity for labeling - indicate by words "No Label 
Required" immediately•following description on shipping papers. 

(2) Transport Group or Groups of the radionuclides if the material 
is in normal form. 

(3) Name of the radionuclides and description of physical and 
chemical form if material is in normal form. 

(4) Activity of the radioactive material in curies. 

(5) Type of label applied to the package. 

(6) For fissile radioactive material, fissile class of the package, 
and weight in grams or kilograms of fissile isotope. 

( 7 ) For export - a copy of a|ny special permit issued by DOT for 
the package. 


29. 


Total 

Transport 

Index 


Minimum Separa¬ 
tion Distance 
in Feet to Nearest 
Undeveloped Film 


Minimum distance in 
Feet to Area of Persons 
or Minimum distance in 
Feet from Dividing 
Partition for Combi¬ 
nation Car 


None 

0 

0 

0.1 - 10,0 

15 

3 

10.1 - 20.0 

22 

4 

20.1 - 30.0 

29 

5 

30.1 - 4 o.o 

33 

6 

4 o.l - 50.0 

36 

7 
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30. 



31. Movement by Military Vehicle. 

(1) Comply with distance tables for undeveloped film and persons. 

(2) On-site movement - not packaged or labeled - moved under proper 
supervision. 

( 3 ) Arranged by the Transportation Officer. 

(4) Drivers briefed - Yellow II and Yellow III labels. 

( 5 ) Driver has copy of shipping papers. 

(6) Escort commanders - copy of written instructions. 

(7) Drivers supplied with written instructions. 

(8) Only shipments requiring special approval need further restrictions 
than those listed. 
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32. Written Instructions. 


WARNING 

THIS VEHICLE IS CARRYING RADIOACTIVE MATERIALS 

When undamaged, the package(s) (is, are) safe to handle 
for short periods of time. In case of accident, notify 


33. Rail Placard. 

34. Motor Vehicle Placard. 

a. Placard must be used for any Yellow III label material or 
for carload of material. 

b. Placed in front, back, and both side3 of vehicle. 

c. Must have "Radioactive" - letters 4 inches high as a minimum 
and at least a 1-inch border. 

d. Must be black letters on a yellow background. 
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TV. Example Problems of Packaging and Labeling Radioactive Materials. 

1. Example Problem No. 1. 

a. As radiological Safety Officer, you have been asked to procure 
a container to ship 1 curie of Tellurium-121 (12lTe) encapsu¬ 
lated pellets. Since this is a gamma emitter only, you decide 
to use lead as the inner container. How much lead is required 
in the inner container if the overall package is found to be 

1 square meter? Assume inner package is to be placed in 
the center of the outer package. What transport group would 
the material fall under? What type of package would be 
required? What type of label would be required? 

Neglect dose buildup. 

b. Solution. 

(l) (a) In checking the table on transport groups, 121ip e 

not listed, so we are required to go to the exception. 
We find the Atomic Number is between l-8l and the 
half-life of each is less than 1,000 days (17 d for 
12Lp e ). Therefore, it is a group III item. 

(b) In checking the quantities for group III items, we 
find Type A packages can hold up to 3 curies and 
Type B packages can hold up to 200 curies. Since 
we have 1 curie, it would be most economical to use 
Type A packaging. Type B could also be used since 
Type B would also meet the necessary requirements. 

(c) Since large quantities of radioactive material require 
a radioactive yellow III label, check this item. For 
group III materials, this is 200 curies so it is not 
classified as a large quantity. 

(d) It is an encapsulated source, so it could also fall 
under special form which allows 20 curies for Type A 
packages but the degree of encapsulation is unknown 
so it is a normal form material. 

(e) Checking the exempt quantities, we find group III 
materials listed as 1 mCi, therefore it is not exempt. 
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(2) On the labels you have three choices dependent on the 
dose rate. DA Label 15 must be used. 


White I Label 


Yellow II Label 


Yellow III Label 


Surface dose rate not exceeding 
0.5 mrem/hr. 

Surface dose rate not exceeding 
10 mrem/hr; dose rate at 3 feet 
not exceeding 0.5 mrem/hr. 

Surface dose rate not exceeding 
200 mrem/hr; dose rate at 3 feet 
not exceeding 10 mrem/hr. 


If these dose rates for yellow III are exceeded, then a 
waiver must be obtained. Waivers are to be avoided if 
possible. Since the shielding required would be much 
less, it will probably be sent yellow III label and with 
a DA Label 15 . 

( 3 ) 12L Te 

S = O .56 n Ci E 

S = O .56 x (0. 18) x 1 x 0.508 

S = 0.051 rhm 

S = O .56 n Ci E 

S = O .56 x 0.80 x 1 x 0.573 

S = 0.257 rhm 

Total rhm 

S = 0.051 rhm + 0.257 rhm = 0.308 rhm 

(k) Find R. 

R = — = Q-303 = 0.303 

i 2 (0.5 ) 2 °-25 

R = 1.232 rad/hr at 0.5 meter or at the surface of 

the container. 
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( 5 ) Calculate the lead needed to reduce the dose rate. 


R 


= 1.232 rad/hr 

= 200 mrad/hr 


(j./p for 0.5 Mev = 0. 161 

I_l/p for 0. 6 Mev = 0.125 

0.036 


0.036 x ^ = 0.036 x 0.73 = 0.026 


0. 161 
-0.026 


0. 135 

u/p of 0.573 Mev gamma = 0. 135 

[1 = [i/p x (p) = O.I 33 x 11.342 


ir = 1.51 cm 


-1 


X M93 = o6|3 = 0 _ U6 

2 M- 1-51 


R 


cm 


R 

1232 

200 

6.16 


n 


2.7 = 


= 2.7 using the 2 table 


X 

Xi 

2 

X 

0.46 


X = 1.195 cm 

(6) For a reading at 1 meter: 

S = 0.308 rhm R 

d = 1.5 meters 

R 

R 


d 2 

0.308 _ 0.308 

(1.5) 2 = 2 ' 25 

0.137 rad/hr or 137 mrad/hr 
at 1.5 meters. 
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13.7 


2 


n 


R 

o 

R 


9 n _ 137 = 

* 10 

Using 2 n table, n 


n = 

3.8 


x_ 

Xi 


X 

0.46 


3.8. 


X = 1.75 cm 

The lead shield must be 1.75 cm on a side. 

(7) The transport index for the package does not exceed 10 
mrem/hr at 3 feet. 

2. Example Problem No. 2. 

a. As outlined in example problem No. 1, what information must go 
on the shipping papers and how many labels must be attached? 

b. Solution. 

(1) As required on the shipping papers, the words "No Label 
Required" must be present if it is an exempt shipment. 
Since this shipment is not exempt, this notation is 
omitted. 

(2) The transport group or groups if normal form - Group III. 
It is encapsulated, so it could be special form Group VII. 

( 3 ) Name of the radionuclide and a description of its physical 
or chemical form if the material is in normal form: 

121 

Te - encapsulated pellets. 

(4) Activity of the radioactive material: 

121 

1 Ci of Te. 

( 5 ) Transport Index - 10. 
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(6) Type of label applied: 

Yellow III Label and DA Label 15. 

(7) For fissile radioactive material, the fissile class of 
the package and the weight in grams or kilograms of the 
fissile isotope. NA 

(8) For export shipment, a copy of any special permit issued 
by DOT for the package. NA 

(9) Two labels must be attached - on opposite sides of the 
package. 

3. Example Problem No. 3- 

a. You, as RSO, are again asked to package a shipment of radio¬ 
active materials. This time the radionuclide is Cobalt-57 
(57Co). You are to ship 2 mCi of this material in a liquid 
solution and you wish to stay within the White I Label con¬ 
ditions. What type of container is required and what minimum 
size container would be procured? Should other material be 
aided around the source? 

b. Solution. 

(1) Checking ^Co, you find it is a group IV transport group 
material. 

(2) For Type A packages - 20 curies can be shipped. 

( 3 ) Exempt materials 1 mCi - not exempt since 2 mCi are 
present. 

(4) It is not a large quantity material. 

( 5 ) White I Label requirements - dose rate not exceeding 0.5 
mrem/hr at external surface of the package. 

(6) Calculations. 

Go to decay scheme page 388, Pam 25 - n = 99.8% and 
E = 0.13632. 

S = O .56 nCE 

S = O .56 x 2 x 0.993 x 0.13632 

S = 1.524 x 10 _1 mrhm 
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R = 0.5 mr/hr 

S = 1.524 x 10“I mrhm 


d = ? 

0.5 mr/hr 


1.524 x 10 


-1 


mrhm 


^2 _ 0.1524 

0.5 


a 2 = 0.305 
a = * 7 " 0.305 

d = 0.552 meter 

The package must he 0.552 meter on one side so the total 
diameter must he twice this amount. 


0.552 x 2 = 1.104 meters on a side. 

A square package 1.104 meters on a side if no shielding 
is used in the package. 

( 7 ) The liquid radioactive material must he packaged in leak 
resistant and corrosion resistant inner containers. 
Enough absorbent material must he provided to absorb at 
least twice the volume of radioactive liquid. 
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Transport (nop 
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I 
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o. 



Transport rroup 
(see | 173.389(h)) 

Type A 
quantity 
(in curios) 

Type B 
quantity 
(in curies) 

I. 

a 001 

20 

II. 

0.06 

20 

Ill. 

3 

200 

IV. 

20 

200 

V. 

20 

5,000 

VI end Vn. 

. 1,000 

50.000 

Special form... 

20 

6,000 


g 173.390 Transport groups of radio, 
nuclides. 

<a) List of radionuclides: 


Actinium (WO.. 
Americium (96). 
Antimony (51). 

Argon (18). 

Arte nit (33).... 


Astatine (85) 
Barium (55). 


Berkellnm (87) 
Beryllium (4).. 
Blrmuth (83).. 


Bromine (35). 

Cadmium (48). 

Calcium (30). 

Call lorn] um (98)... 

Carbon (6)... 

Cerium (58). 

Cesium (55). 


Chlorine (17).... 

Chromlnm (35).. 
Cobalt (27). 

Copper (30)_ 

Curium (85). 

Dysprosium (55). 

Erbium (68). 

Europium (63)... 


Fluorine (9)..... 

Gadolinium (64)_ 

Gallium (31)_ 

Oennanlum (32)..___ 

Oold (70)... 


Hafnium (73)_ 

Holm turn (67)_ 

Hydrofren (1)_ 

Indium (49)___..._ 


Iodine (53)-- 


Iridium (77).. —____ 

Iron (36)_ 

Krypton (36)_ 

See footnotes at end of table. 


. A0-227. X . 

A 0-228. X ... 

Am-241. X .. 

Am-343. X .. 

. 8 b-123. X .. 

Bb-134.( X .. 

6 b-125. X .. 

. Ar-37. X 

Ar-41. X .. 

Ar-41 (unoompressed) 1 ... X _ 

. A»-73...................... .................. X ........... 

Aa-74. X .. 

Aa-76. X .. 

AS-77. X .. 

. At-2ll. X .. 

. Ba-131. X .. 

Ba-133. X .. 

Be-140. X .. 

. Bk-249. X .. 

. Be-7. X . 

. B1*208.. X . 

Bl-207. X .. 

BI-210.. X .. 

Bi-212. X .. 

. Br-82. X __ 

. Cd-109. X .. 

Cd-115m. X . 

Cd-116. X .. 

. CMS... X .. 

,CM7. X . 

. C1-249. X .. 

C 1*250. X . 

C1-252. X . 

. C-14. X .. 

. Ce-141. X . 

Co-143. X . 

Ce-144. X . 

. Ce-131. X _ 

Ce-134m. X .... 

Cs-134. X ... 

Ca-135.. X .. 

Ca-135. X . 

Cs-137. X .. 


Cl-38. 

Cl-38- 

Cr-51... 

Co-56... 

Co-67... 

Co-58m. 

Co-58... 

Co-60... 

Cu-64. X .. 

Cin-242... X . 

Cm-243. X . 

Cm-244.. X . 

Cm-245. X . 

Cm-246. X . 

Dy-164. X . 

Dy-165. X .. 

Dy-108. X .. 

Er-159. X ... 

Er-171. X ... 

. Eu-160. X . 

Eu-152ru_. X _ 

Eu-152.. X . 

Eu-154.. X . 

Eu-155.. X .. 

F-18. X _ 

. Od-153. X .. 

Gd-169. X .. 

Oa-67. X . 

Oa-72. X .. 

. Oe-71. X .. 

Au 193. X . 

Au-194. X . 

Au-105. X . 

Au-196.. X ._ 

Au-198. X .. 

Au-199. X .. 

. Hf-131. X .. 

. Hn-165. X .. 

. H-3 (see tritium)...... 

. In-113m. X .. 

In-114m.. X . 

In-115m.. X .. 

In-116. X .. 

1-124... X . 

1-126... X - 


X . 

X ... 

X . 

X . 


1*120 . . 

x 


1-131 

. X 


1-132_ 


X . 

1-133_ 

1-134_ 

... „ X 

X _ 

1-135.... 
Ir-190 . 

-- 

X _ _ _ 

X _ 

lr-102... 
Ir-lW .. 

... X 

X _ 

Fe-55... 


X _ 

Fe-59 .. 


X _ _ 


Kr-85in (unoompreeiedj •___X- 

Kr - 86 ..............--- . ■ . 1 .—. X ... . — 

Kr-85 (uncompressed) •_X 

Kr-87..X _ 

K.r-87 (uncompressed) 1 _X _ 
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RADIOACTIVE MATERIALS MOVEMENT 
El SHIPMENT n RECEIPT 


SECTION 1 • DETAILS OF SHIPMENT 

• u: 

FROM: 

VIAz (Mode of shipment, i.e. Railway Empress) 


CLASSIFICATION 


TYPE OF CONTAINER 


PRINCIPAL RADIOACTIVE MATERIAL 



DOES/DID THIS SHIPMENT REQUIRE ICC SPECIFICATION PACKAGING AND LABELINSr □ YE3 I I NO 

ICC NO._ BUREAU OF EXPLOSIVES NO._ . . 

2. IS/WA3 THIS A COURIER SHIPMENT? □ YES | 1 NO 

IS/WAS IT PACKAGED TO PREVENT LEAKAGE UNDER TRANSPORTATION CONDITIONS? □ YES □ NO 
. IS/WAS THE SHIPMENT PROPERLY SECURED? □ YES I I NO 
8. IS/WAS THE SHIPMENT PALLETIZED? □ YES | | NO 


SIGNATURE OF C ONSIGNOR/C ONSIG N E E (As spplicsble) 


SECTION II • HEALTH PHYSICS MONITORING RESULTS 


MAXIMUM I AT SURFACE 

RADIATION 

LEVEL 


3 E OF INSTRUMENT USED 


WIPE TEST MATERIAL USED 


INSTRUMENT SERIAL NO. 


REMOVABLE SURFACE CONTAMINATION 
(d/m/100 cm2) 


INSTRUMENT USED TO CHECK WIPE 



SECTION III - RADIOLOGICAL SAFETY OFFICER’S STATEMENT OF MONITORING RESULTS 


SAFE TO SHIP [SHIPMENT SAFE (Check 
upon receipt of shipment) 
[~1 yes f“1 no Cl YES r 1 no 



SIGNATURE OF RADIOLOGICAL OFFICER 


_ SECT IO N IV -TRANSPORTAT IO N OFFICER’S STATEMENT OF SHIPMENT _ 

The above named articles are properly described and are packed and marked and are in proper condition for transport* 
ation according to the regulations prescribed by the appropriate regulatory agencies. 


NATURE OF TRANSPORTATION OFFICER 



DA,'““..2791 
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V. 


Problems. 


1. You, as Radiological Safety Officer, have been asked to ship for 
disposal 5 pCi of HTnign powder contained in a screw top metal 
can. In inspection of the packages available, you find you have 
a Type A package which measures 0.5 meter to a side. The source 
is to be placed in the center of this package. Is this package 
sufficient? Examine the quantity, shielding and label require¬ 
ments and make the most economical recommendation for transport 
of this material. 
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From the information in problem 1, what items are necessary on 
the shipping papers? 



3- A 1.5 mCi sample of j^Tc shipped. You have both Type A 

and B packages measuring 1 meter to a side. 

a. What transport group does this isotope fall under and which 
type of package will you use more economically? 


b. Is this an exempt quantity? If not, what would be the best 

way to ship this material using the least amount of shielding 
possible? Consignee is awaiting shipment for immediate use. 
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4. Given the following isotopes in normal form: 


4 curies 

65ui 

6 curies 

^Cu 

0.4 curie 

137 C , 

1 curie 

6o Co 


Can all of these isotopes be sent in one type A package(do not 
calculate shielding)? 


5. a. You are RSO and have been asked to choose a container to ship 
200 curies of Tellurium-125 metastable (125ror e ). What trans¬ 
port group and what type of package must be used? 
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b. You have decided to use lead as the inner container. How 
big would the container have to be if the overall package 
is to be 1 cubic meter? (Assume inner package is to be 
placed in the center of the outer package.) It is to be 
shipped Yellow III Label. Does it fall within the large 
quantity category? 
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6. You, as RSO, are again called upon to package a shipment of 
radioactive material. This time the substance is 10 mCi of 

Cobalt-57 ( 57 Co). 

a. In what transport group does it fall and what type of 
package is required? 


b. How big would the container have to be if you wished to 
ship radioactive Yellow II Label, with no shielding, and 
you meet all other requirements, i.e., leakproof, absorbent 
material, etc.? 
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VI. Solutions. 


1. a. In checking H'faSn, you find it falls with the transport 

group III category. Three curies of group III can he trans¬ 
ported in a type A package, so the package available is 
sufficient. 

b. In examination of the quantity of material (5 jiCi) you find 
it falls in the small quantity category (l mCi for group III) 
and it can be shipped exempt from labeling provided. 

(1) Strong package and no leakage under normal transport 
conditions. 

(2) No significant external surface contamination. 

( 3 ) Outer surface of the inner package is marked "Radioactive." 

(4) Dose rate at the external surface of the package does not 
exceed 0.5 mrem/hr. 

Calculate the source strength. 

S = O .56 nCE 5 nCi = 5 x 10 “ 3 nCi 

S = O .56 x 0.87 x 5 x 10“3 x 0.158 

S = O .385 x 10“ 3 mrhm 

The box is 0.5 meter per side. So, with the source in 
the center, it will be 0.25 meter from the nearest side. 

d = 0.25 meter. 

Calculate the dose rate at the surface of the container. 


R = 3.85 x lQ-fy 3.85 x IQ" 11 

( 0 . 25) 2 6.25 x 10" 2 

R = 6 .l 6 x 10“3 mr/hr 

or O.OO 616 mr/hr at the surface. Since it is 7, it is the 
same as O.OO 616 mrem/hr. The package falls in exempt group 
and can be shipped without label. 
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2. a. Since it is an exempt item, the words "No Label Required." 

b. Transport Group III. 

c. Name of radionuclide - '*"^ rn Sn. 

Description - powder form contained in metal screw cap can. 

d. Activity of radionuclide - 5 JjCi. 

e. Transport Index - NA since it is exempt. 

£. Fissile radionuclide - NA. 

g- Export shipment - NA. 

3 . a. Checking ^Tc, you find it is group IV. Group IV allows 

a 20 curie shipment in a type A package so the type A package 
will be used. 

b. Exempt quantity for group III is 1 mCi, so this package is 
not exempt. Calculate the dose rate at the surface and at 
3 feet from the surface. 

Calculate the source strength. 

S = O .56 CSnE 

= (0.56)(1.5 nCi)f(0.05)(0.32) + (1) (0.778) + (0.84) 

(0.81) + (1) (0.851) + (0.l6)(l.l2jJ 

= ( 0 . 56 )(l .5 mCi)(0.016 + 0.778 + 0.6804 + 0.851 + 

0.1792) 

= (O. 56 ) (1.5 mCi) (2.5046) 

= 2.105 mrhm 

Since the package is 1 meter to the side, if the source 
is located in the center, it will be 0.5 meter from the 
nearest side, d = 0.5 meter. Calculate R. 


608 



R = 

D 

I 5 

R 

D 

= I s 

R = 

2.105 

R 

2.105 


(0.5 ) 2 


(1.5 ) 2 

R = 

2.105 

R 

_ 2.105 


0.25 


2725 

R = 

8.42 mr/hr 

R 

= 0.935 mr/hr at 1 meter 


at contact. 


from the surface. 

Since 

7 8.42 mrem/hr 


0.935 mrem/hr at 3 feet 


at contact 


Since it exceeds the White I label and the dose rate at 3 feet 
exceeds the Yellow II label, ship it Yellow III with no addi¬ 
tional shielding required. 


_C_a_ 

+ Cb + 

Cc f Cd < 

1 

MPCa 

MPCb 

MPCc MPCd 


6 5m 

- Group IV - 

allowed 20 curies 

in Type A package 

^Cu 

- Group IV 




13TC s - Group III - allowed 3 curies in Type A package. 
6 °Co - Group III 


_4 

20 


+ 


6 

2o 


+ 


0.4 


3 


+ 


1 

3 


0.2 + 0.3 + 0 . 133 + 0 . 33 


0.96 <. 1 

Therefore all could be handled provided enough shielding could be 
incorporated to get the dose rate level within limits. 


5 . a. 12p™Te - Group IV. Type A, 20 curies; Type B, 200 curies. It 
exceeds Type A limits but does not exceed Type B limits. So 
Type B package will be used. 
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b. Large quantities for Group IV - 200 curies - we have only 
200 curies, so it does not fall into this category. 

200 curies of 125 mp e 

S = 0.56 nCE = 0.56x0.07x200x0.035 

Therefore, S = 0.27^- rhm = 27^ mrhm 

To find R: 

R = = 27 l_mrhm _ 27^- = 1,096 mrad/hr at 0.5 meter 

d 2 ( 0 . 5) 2 0.25 which is the surface. 

Yellow III label requirements are that the surface dose rate 
does not exceed 200 mrad/hr and the dose rate at 3 feet (1 , 
meter) from the surface does not exceed 10 mrad/hr. 

Calculate how much lead is needed to reduce the dose rate to 
the required level. 

Surface 


R 0 = 1,096 mrad/hr 

R = 200 mrad/hr 

h/p for a 0.035 gamma = 21 .85 cm 2 /g Use largest gamma for 

shielding - 0.035 Mev 

P = p/p (p) = 21.85 x 11.35 = 2U8 cm" 1 

Xi = £j>93 = 0.000279 cm = 2.79 X 10' 4 cm 

2 p 2^8 cm -J - 

fo . 1,096 = s 1+8 - 2 “ 

R 200 

Therefore n = 2.5 (from 2 n table) 

X = nXi 
2 

X = 2.5 x 2.79 x 10 _i; = 6.97 x 10'^ cm or 0.000o97 cm 

Therefore, 0.000697 cm of lead required to meet the surface 
requirements. 
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Three feet (1 meter) 


R = §_ = ^74 = g lL = 121.8 mrad/hr 

0 a 2 ( 177 s 2 - 2 5 

R = 10 mrad/hr 

Xi = 2.79 x 10- U 

2 

X = ? 


R 

R 


o 


121.8 

"TO 


12.18 


2 n 


Therefore n = 3*7 (from 2 n table) 

X = nXi 
2 

Therefore X = 3.7x2.79 x 10“^ = 0.001032 cm 

0.001032 cm of lead required to meet the requirements at 3 
feet or one meter. Since this is the greater amount, it will 
be used for the shield. 0.001032 x 2 radius = 0.002064 total 

cm of lead. However, this is not practical. You could use air 
to shield this source. That would require approximately 0.07 
cm of air and you certainly have that much around the source. 

6. a. It is not exempt. It is a group IV material with 20 curies 
allowed in a type A package. We have only 10 mCi, so type 
A packaging is to be used. 

b. Yellow II requirement - 10 mrem/hr at surface and 0.5 mrem/hr 
at 3 feet (1 meter) from surface. 


Calculate the source strength. 

S = O .56 nCE = O .56 x 0.998 x 10 x 0.13632 (page 388 , Pam 25 ) 

S = 7*62 x 10"^ mrhm 

Dose Rate 

R = $L 

d 2 

R = 10 mrad/hr 

S = 7.62 x 10“ 1 mrhm 
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Therefore, d = i = ^0.0762 

10 

d = 0.276m 

This is using dose rate at the surface. 

R = —- 

d 2 

R = 0-5 mrad/hr at 1 meter from surface 

S = 7.62 x 10* 1 

7o7 762 i -r 

d q g - - -J 1 . 52 k meters 

d = 1.235* 

1.235 m - 1 m = 0.235 m from center of box to surface of box. 

. . 0.276 x 2 = O .552 meter to a side for the minimum size 

of the box. 
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POSTAL REQUIREMENTS FOR RADIOACTIVE MATERIAL 


I. Nonmailable Matter. 

A. Any package of radioactive material marked vith White I, Yellow II, 
or Yellow IH labels or which contains quantities of radioactive 
material in excess of those authorised xn paragraph IIA is non¬ 
mailable. 

B. If a nonmailable package of radioactive material is discovered intact 
in the postal system, the postmaster shall immediately 

1. Place the parcel at least 15 feet from other mail or personnel. 

Under no circumstances shall the package be dispatched. 

2. Notify the postal inspector in charge promptly, requesting 
instructions as to the disposition of the package. 

3. If a package of nonmailable radioactive material is broken or 
leaking, the area around the damaged package must be isolated 

to prevent contact of persons with any loose radioactive material. 

Any conveyor, belt, chute, or other equipment or conveyance, 
including mail bags, in which the radioactive material has leaked, 
or may have leaked, should also be isolated. The isolated area 
must be roped off or guarded, whenever practical. A temporary 
sign indicating the presence of radioactive materials, with a 
warning to keep out, should be placed at the edge of the roped 
area. The postmaster, in cooperation with a postal inspector, 
if one is available, shall immediately request the assistance 
of qualified persons to check radiation hazards and to supervise 
the salvage and decontamination. This assistance may be received 
from the sender, if he is nearby, or from one of the following: 

a. Nearest office of the U.S. Nuclear Regulatory Commission. The 
Nuclear Regulatory Commission offices are located as follows: 


Operations Office 
Albuquerque 


Chicago 

Richland 


Mail Address 


Telephone Number 


P.0. Box 5400, Albuquerque, 

New Mexico 87115 (505)264-4667 


9800 South Cass Avenue, (312)739-7711 

Argonne, Illinois 60439 ext 2111 or 4451 


P.0. Box 550, Richland, (509)9^2-1111 

Washington 99352 ext 6-5^1 
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Operations Office 

Mail Address 

Telephone Number 

Idaho 

P.0. Box 2108, Idaho 

Falls, Idaho 83401 

(208)526-0111 
ext 1515 

New York 

376 Hudson Street 

New York, New York 10014 

(212)989-1000 

Oak Ridge 

P.0. Box E, Oak Ridge, 
Tennessee 37830 

(615)483-8611 
ext 34510 

San Francisco 

2111 Bancroft Way, 

Berkeley, California 94704 

(415)841-5121 
ext 664 or 841-9244 

Savannah River 

P.0. Box A, Aiken, 

South Carolina 29801 

N. Augusts, S. C. 

(803)824-6331 
ext 3333 


b.. Local health, fire, or police department. 


c. Local civil defense authorities. 

d. Nearby military installation. 

e. Nearby scientific laboratory. 

II. Hatter Mailable Under Special Rules. 


Authorized mailable radioactive materials include only those which are 
classified as "small quantities" of radioactive materials or "radioactive 
devices," as prescribed in 49 Code of Federal Regulations 173-391. These 
authorized materials, the maximum quantities! mailable, and the conditions 
under which they may be mailed are described below: 


A. Small Quantities (49 CFR 173.391(a)). 


Transport Group (173.389(h)) 
(173.390) _ 


Maximum Quantity per Package 


I 

II 

III, IV, V, or VI 
VIII 

Special form radioactive materials 
(173.389(8)) 

Tritium oxide in aqueous solution 


0.01 milicurie 
0. 1 millicurie 
1.0 millicurie 
25.0 curies 

1.0 millicurie 

0.5 millicurie/milliter 


Fissile radioactive materials 


(3 curies/package limit) 


(173.389(a)) 15 grams* 

*The total radioactivity may not exceed either the applicable activity limit 
for the appropriate transport group or the special form radioactive material 
limit. 
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B. How to Wrap and Mail. 


1. The above materials must be securely contained in strong, tight 
packages to prevent leakage of the contents during normal postal 
handling. Liquid radioactive materials must additionally be 
packaged within a leak resistant and corrosion resistant inner 
container, surrounded by sufficient absorbent material to absorb 
at least twice the volume of the liquid radioactive contents. 

2. The radiation dose rate at any point on the external surface of 
the package must not exceed 0.5 millirem per hour. 

3. There must be no significant radioactive material on the exterior 
of the package (49 CFR 173.397). 

4. The outside of the inner container must bear the marking "radio¬ 
active Material - No Label Required." 

C. Radioactive devices (49 CFR 173.391(b)) - Manufactured articles such 
as instruments, clocks, electronic tubes, or apparatus, or other 
simixar devices, having radioactive materials (other than liquids) in 
a nondispersible form, as a component part, are mailable providing 
that the following conditions are met: 

1. The radioactive materials must be securely contained within the 
devices, or securely packaged in strong tight packages, such 
that there will be no leakage of radioactive materials under 
conditions normally encountered in postal handling. 

2. The radiation dose rate at 4 inches from any unpackaged package 
device must not exceed 10 millirem per hour. 

3. The radiation dose rate at any point on the external surface 
of the outside container does not exceed 0.5 millirem per 
hour. 

4. There must be no significant radioactive material on the 
exterior of the package (49 CFR 173*397). 

5. The total radioactivity content of a single package containing 
radioactive devices mu;..t not exceed the quantities shown in the 
following table: 


Transport Group 

Quantity 

in Curies 


Per Device 

Per Package 

I 

0.0001 

0.001 

II 

0.001 

0.05 
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Transport Group 

Quantity in Curies 

Per Device 

Per Packag< 

m 

0.01 

3.0 

IV 

0.05 

3.0 

V or VI 

1.0 

1.0 

VII 

25.0 

200.0 

Special form radioactive 
materials 

0.05 

20.0 

Fissile radioactive materials 

15 grams* 

15 grams* 


*The total radioactivity may not exceed either the applicable activity limit 
for the appropriate transport group or the special form radioactive material 
limit. 
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AR 55-55 


12 November 1970 


RADIOACTIVE MATERIALS MOVEMENT 

□ SHIPMENT □ RECEIPT 

use of thlt form, too AR S^SS; the proponent ogency it Office of the Deputy Chief, of Steff for Logittict. 


(See instructions on reverse.) 


1. TOi (Include ZIP Code; 


DETAILS OP SHIPMENT 


2. PROM: (Include ZIP Code) 


3. SHIPMENT NUMBER I 4. SECURITY CLASSIFICATION 


5. MOOE OF SHIPMENT (i.e., Railway Expraooj 



SHIPMENT 

THE ABOVE OESCRIBED ARTICLES ARE PROPERL* CLASSIFIED. PACKAGED. MARKED, AND LABELED. THE ARTICLES ARE IN 
PROPER CONDITION FOR TRANSPORTATION ANC THE SPREADABLE ACTIVITY AND DOSE RATES ARE WITHIN THE SPECIFIED LIMITS, 
AS PRESCRIBED BY APPLICABLE REGULATIONS OF THE DEPARTMENT OF TRANSPORTATION AND DEPARTMENT OF THE ARMY. 


8. REMARKS 



11. SIGNATURE OF TRANSPORTATION OFFICER (Shipping Organiaatlon) (GRADE AND TITLE 


i »t e •'♦.‘lim 


I Oct 70 


REPLACES DA FORM 27*1, 1 JUN S«. WHICH IS OBSOLETE. 

(Paper ai*e, 8" x 10‘A”; image aixe, 7-4/10” x 10”) 


Front 

FigM.ro 3-7. DA Form S791-R. 
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12 November 1970 


AR 55-65 


RECEIPT 

THE ARTICLES DESCRIBED ON REVERSE WERE RECEIVED IN PROPER TRANSPORTATION CONDITION. THE SPREADABLE ACTIV¬ 
ITY AND DOSE RATES ARE WITHIN THE SPECIFIED LIMITS AS PRESCRIBED BY APPLICABLE REGULATION OF THE DEPARTMENT OF 
TRANSPORTATION AND THE DEPARTMENT OF THE ARMY EXCEPT AS NOTED BELOW. 



14. SIGNATURE OF RADIATION PROTECTION OFFICER (Racalvlng Organisation) 


15. SIGNATURE OF CONSIGNEE 


INSTRUCTIONS 

GENERAL 


Forms will be used to identify radioactive ship¬ 
ments originated by Army elements for protection 
of shipping, transporting, and receiving person¬ 
nel and.to assure compliance with DA and other 
regulations. Receiving organizations will use the 
form to record receipt of radioactive shipments 
from Army and non-Army elements and to indicate 
any necessary radiation protection action. Certi¬ 
fication by the radiation protection officer indic¬ 
ates that all necessary radiation surveys and smear 


tests were made with appropriate radiation/contamina¬ 
tion measuring devices. See also paragraph 3-5, 

AR 55-55. Shipping organizations will complete 
three copies; retain one for record purposes, and 
deliver one to the carrier who will deliver one 
copy to the receiving organization. When forms are 
originated by receiving organizations, sufficient 
copies will be prepared for record purposes and use 
in follow-up action as necessary. 


EXPLANATION OF FORM 


1. Items 1, 2, 3, 4, 5. Self-explanatory. 

2. Item 6a. Indicate number and kind of packages 
and package markings, if marked. 

3. Item 6b. Indicate number of items contained in 
package(s) shown in column 6a. Each type of item 
should be listed separately. 

4. Item 6c. Enter sufficient information to identify 
the item(s). Include Federal Stock Number, if any. 

5. Item 7a. Show total number of curies, milli- 
curies, or microcuries contained In package(s) in 
Column 6a. and, if available, the number of curies, 
millicuries or microcuries contained in each item. 
Indicate chemical clement and mass number of 
radioisotopes and whether liquid, solid, or gaseous, 
and sealed or unsealed. 


6. Item 7b. Indicate radiation levels in mR/hr. 

7. Item 8. Self-explanatory. 

8. Item 9. List special precaution necessary in 
handling, transporting and storing. Where shipments 
are at variance with or are exempted from portions 
of the regulations (i.e., labeling, packaging, con¬ 
tainer specification), include a statement to so in¬ 
dicate and list specific authority for the variance or 
exemption. 

9. Items 10, 11, 12. Self-explanatory. 

10. Item 13. Record exceptions to receipt state¬ 
ment and follow-up actions taken. If none, so 
indicate. 

11. Items 14, 15, 16. Self-explanatory. 
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DISPOSAL OF RADIOACTIVE MATERIAL 






DF410, DISPOSAL OF RADIOACTIVE MATERIAL 

I. References: Handouts - Section III; TM 3-260; AR 755- 15; CFR Title 10, 
Part 20. 

II. Lesson Objectives and Notes. 

A. Federal Waste Disposal Regulations. 

B. DA Waste Disposal Program.. 

C. Present and Future Methods of Waste Disposal. 
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Note s: 
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Notes: 
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Notes: 
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Notes: 


III. Handouts: 

A. Examples. 

B. Vu-Graphs used in lesson presentation. 


623 



DEPARTMENT OF THE ARMY 
U. S. ARMY CHEMICAL CENTER AND SCHOOL 
Fort McClellan, Alabama 3^201 

SUBJECT: Request for Disposition Instructions 

THRU: Commanding Officer 

USA School/Training Center 
Fort McClellan, Alabama 36201 

CG, Third U. S. Army 

ATTN: AJAGL-D-S-S (Radioactive Material Control Point) 
Fort McPherson, Georgia 30330 

CG, USCONARC 

ATTN: ATLOG-S/GS 

Fort Monroe, Virginia 23351 

TO: Commanding Officer 

US Army Edgewood Arsenal 

ATTN: SMUEA-ISCP (Radioactive Material Disposal Facility) 
Edge-wood Arsenal, Maryland 21010 


Under the provisions of para 15, AR 755-15, request disposition instruc¬ 
tions for the following radioactive waste material. 

a. Nomenclature: Solid waste material, no FSN. 

b. Physical description of items: 

(1) Solid 

(2) Quantity: Not applicable 

( 3 ) Number of individual items per package and type of packages: 

See para (6) below. 

( k ) Number of shipping containers: Twenty-seven- ( 27 ) 

( 5 ) Exterior dimensions.and weight of packaged shipping container: 

Thirteen ( 13 ) fifty-five gallon drums weighing approximately 1,000 pounds 
with a cubage of 10.9 cubic feet each; fourteen (llf) twenty-three gallon drums 
weighing approximately 50 pounds each with a cubage of 3-2 cubic feet each. 

(6) Shielding material and thickness: The fifty-five gallon drums 
contain a twenty-three gallon drum centered with a dense concrete poured com¬ 
pletely surrounding it. (At least 8" on top and bottom and k" on sides.) The 
twenty-three gallon shipping containers contain no shielding material. 

(7) Department of Transportation permit or waiver number: Not applicable. 
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SUBJECT: Request for Disposition Instructions 
d. Quantity and radiation measurements. 

(1) Millicuries of activity of each radioisotope: Unknown. 

(2) Maximum radiation dose rates (mrad/hr) at the surface and 
at one meter from the surface of the radioactive item: This waste material 
consists of glassware, filter paper, paper towelling, cotton swipes, smear 
paper, sawdust, an inert 155mm projectile, an inert 105mm projectile, and 
pavement surfacing determined to be contaminated to an extent that resurfacing 
was necessary; therefore, no measurements of the items can be determined. 

(3) Maximum radiation dose rates (mrad/hr) at the surface and at 
one meter from the surface of the packages: See inclosure 1. 

FOR THE COMMANDANT: 


1 Incl 
as 
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RADIOACTIVE WASTE MATERIAL 


Container No. 


Surface Reading 
mrad/hr 


Reading at One Meter 
_mrad/hr_ 


23 Gallon Drums 


1 

2 

0.3 

2 

8 

o.4 

3 

10 

1.0 

4 

30 

0.6 

5 

160 

2.0 

6 

190 

4.5 

7 

170 

4.3 

8 

l4o 

3.5 

9 

190 

4.4 

10 

30 

1.9 

11 

110 

3.3 

12 

180 

4.2 

13 

100 

3.1 

14 

90 

2.8 


Gallon Drums 

15 

6 

0.7 

16 

90 

3-5 

17 

5 

0.8 

18 

106 

3-5 

19 

120 

2.8 

20 

70 

3.0 

21 

46 

2.9 

22 

150 

3.6 

23 

25 

1.9 

24 

180 

5.0 

25 

190 

3.9 

26 

120 

2.9 

27 

90 

2.2 


Incl 1 
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SMUEA-ISCP (30 Dec 68) 1st Ind 

SUBJECT: Request for Disposition Instructions 

U. S. ARMY EDGEWOOD ARSENAL, Edgewood Arsenal, Maryland 21010 

5 February 1969 

Commanding General, U. S. Continental Amy Command, ATTN: ATLOG-S/GS, 

Fort Monroe, Virginia 23351 

1. The radioactive material described in basic letter may be shipped to 
Transportation Officer, Army Chemical Center, Maryland for: Radioactive 
Material Disposal Section, U. S. Amy Eastern Chemical Depot, with TWO COPIES 
of shipping document. 

2. The material must be securely packaged, sealed airtight in a strong 
outside container and shipped in accordance with Title 49, Parts 171 to 179, 
Code of Federal Regulations, Transportation, in regard to external dose rates, 
removable contamination on the package surface, container structure, marking 
and labeling. Local Transportation Officer has appropriate shipping criteria. 

3 . The certificate referenced in Title 49, CFR, paragraph 173*^-30, should 
be placed on each copy of shipping documents and signed. 

4. Shipment by Parcel Post or any other US Mail is PROHIBITED. Packages 
shipped should be marked to indicate consignee, consignor, and content 
nomenclature. Shipment should be completed by 28 February 1969 . 

FOR THE COMMANDER: 


1 Incl 
nc 


ROBERT L. DEAN 

Chief, Toxic and Radiological Branch 
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Vu-Graphs 


7. Utlimate Disposal 

The removal of radioactive material from man's immediate habitat. 
Ultimate disposal includes sea disposal, land burial, incineration, 
and disposal into the sewerage system or into local streams. It 
does not include action taken to return sources and special nuclear 
material to DASA or the US Nuclear Regulatory Commission (NRC) for 
reprocessing. 

Sea Disposal - Burying radioactive materials at sea, in water more 
than 1,000 fathoms deep and not less than 10 miles from shore. 

8. Radioactive Waste 

Unwanted material contaminated with radioisotopes including SS mate¬ 
rial, special weapons radioactive waste, and radioactive waste 
associated with production, possession, and use of radioactive material. 
Radioactive waste will include property which while originally non¬ 
radioactive has become contaminated to such an extent that it is 
economically unsound to decontaminate or the contamination cannot 
be reduced to a safe level. 

9. SS Nuclear Waste 

Source and special nuclear residues which cannot be economically 
separated from those materials which they have contaminated. 

Controlled Area - any area which is restricted for the purpose of 
protection of personnel from exposure to radiation and radioactive 
materials. 

Uncontrolled Area - any area which is not a controlled area. 

10. Responsibility of CG of AMC 

a. Formulates policies, procedures and methods. 

b. Establishment of Army radioactive material disposal facilities. 

c. Conducting studies and investigations to provide up-to-date 
methods. 

d. Designing containers for radioactive waste.. 

e. Providing technical assistance. 
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Vu-Graphs 


12. Storage of Isotopes 

Materials will be stored in covered containers. Each container 
having radioactive materials stored therein will display the 
following up-to-date information: 

(1) Radiation symbol and words "Caution - Radioactive Materials." 

(2) Radioisotope present. 

(3) Level of activity; i.e., number of curies, raillicuries or 
microcuries. 

(4) Date on which the level of activity was measured. 

(5) Maximum dose rate (mrad/hr) at the surface of the container. 

(6) Maximum dose rate (mrad/hr) at 1 meter from the surface. 

13. Area Posting 

"Radiation area" for the purpose of disposal of unwanted radio¬ 
active materials means any area, accessible to personnel, in which 
there exists ionizing radiation, originating in whole or in part 
within licensed or unlicensed (or radioactive) material, at such 
levels that a major portion of the body could in any hour receive 
a dose in excess of 5 millirem. If this area exists outside a 
fenced-in area it will be delineated and proper signs placed. 

14. High Radiation Area 

A "High Radiation Area" is any area accessible to personnel in 
which there exists radiation at such levels that a major portion 
of the body could receive in any one hour a dose in excess of 100 
millirem. If this area exists for more than 30 days, it will be 
equipped with control devices as required in Title 10, CFR 20.203. 

15. Airborne Radioactivity Area 

An "Airborne Radioactivity Area" is a room, enclosure, or area in 
which the airborne radioactive materials exist in concentrations 
in excess of 25 percent of the amounts specified in App B, Table I, 
Column I of Title 10, CFR 20. 
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Vu-Graphs 


16. Marking of Radioactive Materials and Containers 

Each room, area or enclosure containing radioactive materials 
will be conspicuously posted with "radioactive material" warning 
signs. 

Storage or shipping containers containing radioactive materials 
will be conspicuously posted with the radioactive material tag. 

The information requested on the tag will be completed in indelible 
ink or pencil. 

17. Sources of Waste Material, Liquid and Solid 

Ore processing results in low-specific activity waste containing 
alpha emitting isotopes of uranium. 

Decontamination wastes are usually characterized by large volume 
and small quantity of radioactivity, the result of flushing or 
rinsing to effect decontamination. 

Cooling fluids from operating nuclear reactors become radioactive 
largely as the result of neutron bombardment of the coolant itself. 

Laboratory waste will produce high levels of activity and will be 
small in volume. Decontamination of glassware, gloves, and equip¬ 
ment will produce large quantities of low level waste. 

18 . Types of Waste 

High level waste is that having an activity level of a curie or 
a curie per gallon if liquid. 

Intermediate level waste is that having an activity level of a 
millicurie or a millicurie per gallon if liquid. 

Low level waste is that having an activity level of a microcurie 
or a microcurie per gallon if liquid. 

19. Information in Disposal Request 

1. Nomenclature and National Federal stock number and, when 
applicable, serial numbers will be shown. 

2. Physical description of items to include: 

a. Solid and liquid. 

b. Quantity (number, weight and volume). 
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c. Number of individual items per package and type of 
package. 

d. Number of shipping containers. 

e. Exterior dimension and weight of packaged shipping 
container. 

f. Shielding material and thickness, if applicable. 

g. Department of Transportation (B of E) permit or 
waiver number, if applicable. 

20. Other Information Needed 

1. Chemical and radioisotopic description. 

a. Hazardous chemicals present. 

b. For liquids, the solvent present. 

c. Radioisotopes present. 

2. Quantity and radiation measurement to include: 

a. Millicuries of activity of each radioisotope. 

b. Maximum radiation dose rate (mrad/hr) at the surface 
and at 1 meter from the surface. 

21. Labeling for Common Carrier Shipment. 

1. Radiation symbol and "Caution Radioactive Material. " 

2. Consignee. 

3. Maximum dose rate in mr/hr at surface of package. 

4. Maximum dose rate in mr/hr at 1 meter from the package. 

5. Radioisotope present. 

6. Amount of radioactivity; i.e., number of curies, millicuries, 

or microcuries. 
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(Not a VG) 


Requests for disposal instructions should be submitted through 
major CONUS Command Radioactive Material Control Point to: 

Commanding Officer 

USA Edgewood Arsenal 

ATTN: SMUEA-ISCP 

Edgewood Arsenal, Maryland 21010 

Vu-Graphs 

22. Ultimate Disposal 

1. Burial of waste material. 

2. Sea disposal. 

3. Sanitary sewerage disposal. 

4. Transfer to other licensees. 

5. Underground storage. 

6. Incineration. 

23. Burial of Waste Materials 

Regulated by paragraph 20.203, Part 20, Title 10, CFR. 

(1) 1,000 x limits set in App C, Title 10, Part 20, CFR. 

(2) 4 feet deep. 

( 3 ) 6 feet apart. 

(4) 12 burials per year. 

( 5 ) No more than 1 curie can be buried. 

(6) Should be marked and in an isolated area. 

(Not a VG) 

Sanitary Sewerage Disposal (regulated by para 20.303, Part 20, 
Title 10, CFR). 

No licensee shall discharge licensed material into a sanitary 
sewerage system unless: 


635 



(1) It is readily soluble or dispersible in water. 

(2) The quantity in 1 day, if diluted by the average daily 
quantity of sewerage released into the sewer by the licensee, 
will result in an average concentration equal to the limits 
specified in App B. 

Table I, Column 2, or ten times the quantity of such material specified 
in App C of this part. The larger value is to be taken: 

(1) In any one month, if diluted by the average monthly quantity 
of water released by the licensee, will not result in an 
average concentration exceeding the limits specified in 

App B, Table I, Column 2. 

(2) The gross quantity of licensed and radioactive material 
released into the sewerage system by the licensee does not 
exceed 1 curie per year. 

2k. (Not a VG) App C, Title 10, Part 20, CFR. 

Records. 

a. Personnel. 

b. Swipe Test. 

c. Vault Readings. 

d. Disposal Readings. 
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IV 


Problems 


1. You have recently been assigned as the Radiological Safety 
Officer at an installation. One of your duties is disposal 
of radioactive materials. One of the using agencies at this 

installation has turned in 0.1 [iCi of ■ L1I Ag soluble. What 
avenues are open to you for disposal of this material? 


2 . 


Following the situation as outlined in problem 1, if the 
sanitary sewerage is to be used, what operations must be 
accomplished? (Work the solution out in detail.) 



125 

3* If in the above situation the isotope had been Sn soluble 
and the quantity was 1 p.Ci, what action would be necessary to 
dispose of this material through the sanitary sewerage? 


4. You, as disposal officer, are given a small amount of liquid 

210 

solution containing Fb. The reading you get on this sample 
after all corrections are made is 2,500 disintegrations per 
second. You wish to dispose of this isotope through the sani¬ 
tary sewerage system. What action must be taken? 
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5. 


An unknown isotope gives reading of 30,000 disintegrations 
per minute after corrections have been made. What action 
must be accomplished to dispose of this material through 
the sanitary sewerage system? 


6. You, as disposal officer, have been given the following 

amount of radioactive material in liquid solution: 50[iCi of 

l4 C, 35nCi of 72 Ga, k.2 ^Ci of 59 Fe, 5M-Ci of l85 W and 6 [iCi 

131 

of I. Can this material be disposed of through the sanitary 
sewerage if the average monthly -flow of water through the sani- 

Q 

tary sewerage is 9 x 10 ml. You have no previous dump m the 
sanitary sewer. 
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V. Solutions. 

1. a. Request disposal instructions through major CONUS Command 
Radioactive Material Control Point, from: 

Commanding Officer 
ATTN: SMUEA-ISCP 
APG-EA, Maryland 2 1005 


Ship the material according to instructions following the 
regulations established by the Department of Transporta¬ 
tion. 

b. Dispose of the material through the sanitary sewerage. 

c. Store material and allow for decay since this isotope has a 
rather short half-life. 


2. To use the sanitary sewerage the requirements in Title 10, CFR 20, 
must be met. 

Paragraph 20.303 states in subparagraph b(l) and b(2) the amount 
that can be released. b(2) is the larger - 1,000 pCi. 

From App C - 100 pCi x 10 = 1,000 pCi 

The material can be released directly to the sanitary sewerage 
without dilution provided the average monthly water sewerage 
rate is 

—~ or 100 ml of water 

1 x 10 _:5 


3. 


Maximum allowable concentration which can be eliminated through 
the sanitary sewerage is 5 x 10 ^ pCi/ml. 


Amount to be disposed of - lpCi. 



= 2,000 ml of water needed for dilution. 


From App C - 10 pCi x 10 = 100 pC: - maximum amount that could 

be disposed of in 1 day. 


640 



5. 


4. Maximum allowable concentration. 

r 

4 x 10" nCi/ml 


Amount to be disposed of 

2500 dps _ 

3.7 x 10 dps/(j.Ci 

-2 


2.5 x 10 


= 6.76 x 10 2 ^iCi 


6.76 x 10 


= I .69 x 10 


3.7 x 10 

4 


4 x 10' 

16,900 ml of water needed for dilution. 
Given: 30,000 dpm 

= 500 dps 


30,000 dpm 

60^ 


min 


Conversion factor: 3.7 x 10 4 dps = l(j.Ci 


3.7 x 10 


500 dps 

^ dps 


= 1.35 x 10" 2 nCi 


(iCi 


From App B, Footnote 2 (10 CFR 20) the maximum allowable 
concentration is 

4 x 10 ^ |iCi/ml 

From App C (10 CFR 20) the maximum allowable concentration for an 
unknown radioisotope is 


O.lpCi. 

From para 20.303b(2) (10 CFR 20) ten times the amount listed above, 
or 10 x O.luCi = l(iCi may be disposed of through sanitary sewerage. 
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i 


The amount of water necessary to dilute the disposed radioisotope 
is governed by App B, Footnote 2. 

-2 

1.35 x 10“ pCi o oft -,^4 

——--— 77 ?— = 3 * 3 o x 10 ml of water. 

* x 10 “Sr 

4 

3 . 38 x 10 ml of water must be dumped into the sewer in the month 

_2 

that the 1.35 x 10 pCi of radioisotope is disposed. 

6 . Given: 50pCi + (9 x 10 9 ml) = 5»55 x 10 9 -y- 

35pCi 72 Ga + (9 x 10 9 ml) = 3-9 x 10~ 9 

4.2 |JLCi 59 Fe + (9 x 10 9 ml) = 4.67 x 10 " 10 

5 pCi l85 W + (9 x 10 9 ml) = 5.55 x 10" 10 ^ 

6 pCi 131 I -f (9x 10 9 ml) = 6.67 x 

(Average monthly sewerage volume = 9 x 10 9 ml) 

From App C (10 CFR 20) allowable concentrations are 
seen to be greater than actual concentrations. 



Allowable 

Actual 

1U C 

1,000 M-Ci 

50 pCi 

72 aa 

100 pCi 

35 PCi 

59 F e 

100 pCi 

4.2 pCi 


10 pCi 

6 pCi 

l8 5« 

100 pCi 

5 PCi 


Therefore, the requirements of App C are satisfied. 
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5.55 
2 x 

= 2 


To check for compliance with the requirements of App B: 


c A ( l!, c) 

V 72 

Ga) 

C c ( 59 Fe) 

-f- 

c D ( 131 !) 

+ 

VI 

u? 

CO 

rH 

“1 

MPC a 


MPCL 

-D 


MPC C 


MPC d 


MPCg 

X 

x 10" 

•9 

— + 

3-9 x 

10" 9 

, ^.67 x 

10" 

10 

_ 

6.67 

X 

10‘ 10 , 5.55 

x 10- 10 

10- 2 


1 X 

IO -3 

2 x 1C 

-3 


6 x 

1C 

r 9 k x 

10 -3 

,77 x 

-7 

10 ' + 

3-9 x 

io" 6 + 

2.33 x 10" 

■ 7 + 

1.11 

x 10' 

-5 

+ 1.39 x 10~ 7 

<1 


Therefore, the requirements of App B are satisfied and the material may 
he disposed of through the sewerage system. 
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DF420, RADIOLOGICAL DECONTAMINATION 


I. Reference: IM 3-200, ch k; DA Pam 39-3, para 12.71-12. 75 . 
II. Lesson Objectives and Notes. 

A. Principles of decontamination. 

B. Primary methods of decontamination. 

C. Preventive measures for radiological accidents. 

D. Installation decontamination procedures. 
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Notes: 
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Notes: 
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Notes: 



Notes: 


III. 

Handouts: 

DF420, Decontamination Exercise. 

IV. 

Problems: 

None 

V. 

Solutions: 

None 
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Notes: 



DATA SHEET FOR 
DECONTAMINATION EXERCISE 


Student No. 

Class _ 

Date 


I. BACKGROUND: 

A. IM-l4l: _mrad/hr 

B. Scaler: c/m 


II. DATA: 


A. 

B. 

C. 


Type of Surface: 


Type of Contaminant (Dry or Wet): 
Dose Rate Readings: 

1. Initial: 


2 . 

3. 


4. 

5. 

6 . 

7. 

8 . 

9- 

10 . 


jnrad/hr 


After blotting (wet only) 
After water: 

1 st application _ 

2 d application _ 

Wipe test*_ 


_rarad/hr 


_mrad/hr 

jnrad/hr 

_c/m 


*0nly performed if no reading above background with IM-l4l 
radiacmeter. 


After 5 1o Detergent: 
After 5$ Cellosolve: 

After 1 % Versene: _ 

Wipe Test: __ 


jnrad/hr 


_mrad/hr 


jnrad/hr 

_c/m 


After 1 minute scrubbing: 
Wipe test after scrubbing:. 
Final IM-l4l reading: 


_mrad/hr 


_c/m 


jnrad/hr 
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Ill 


CONCLUSIONS 


A. Easiest surface to decontaminate: 

B. Most difficult surface to decontaminate 

C. Best decontaminant utilized: 
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RADIOLOGICAL DECONTAMINATION 
Practical Exercise 


1. Laboratory Briefing. 

a. Setup. In the laboratory, each setup will consist of several 
contaminated surfaces and selected decontaminants and equipment. 

An AN/PDR-27J radiacmeter and Baird Atomic Scaler will be used for 
determining the background and extent of contamination. 

b. Students will work in teams of three. One individual will be the 
decontaminator; he must wear an apron and gloves. One student 
will act as Radiological Safety Officer; the third student will 
record the group's findings on the data sheet (DF420). 

c. Each group will decontaminate three contaminated surfaces. After 
each surface is decontaminated, individuals will change jobs so 
that each student functions in all three positions during the 
exercise. 

d. The student Radiological Safety Officer will operate the radiac 
instrument. He will determine the background count, the extent 
of contamination on the surface, and contamination (if any) on 
the student decontaminator. 

2. Laboratory Exercise. 

a. Determination of background. Student in each team selected as 
Radiological Safety Officer (RSO) will determine background with 
the AN/PDR-27J and the Scaler (2 min count). The recorder will 
note readings on the data sheet. 

b. Decontamination of wet surface. 

(1) Each team selects the surface contaminated with a liquid 
contaminant. The RSO determines the degree of contamina¬ 
tion with the AN/PDR-27J. (NOTE: Monitor the entire surface 
and note the area of greatest contamination.) 

(2) Student decontaminator uses sanitary napkin to absorb excess 
contaminant and places napkin in waste container. 

(3) RSO again monitors surface. 

(4) Decontaminator applies water to contaminated area and waits 
3 minutes. He then blots water with sanitary napkins. 
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( 5 ) Student RSO again monitors with AN/PDR-27J. 

( 6 ) Decontaminator repeats step (4) and ( 5 ). 

(7) RSO monitors surface with the AN/PDR-27J. If he detects no 
reading above background, the decontaminator performs a wipe 
test of the surface, using the brown paper swipes. The swipe 
should be placed in the scaler for 2 minutes; the recorder 
notes counts per minute and records on data sheet. If no 
count above background is noted, an AI will confirm the team's 
result. Students can then proceed to the next item and change 
jobs. 

(8) If the count in step ( 7 ) is above background, the team repeats 
steps (4) through ( 7 ), using 5 1o detergent solution in place of 
water. 

( 9 ) If count remains above background after step (8), use wetting 
agent ( 5 $ cellosolve). If this treatment fails, repeat using 
1 % Versene. 

(10) After decontamination with 1 % Versene, the decontaminator 
performs another wipe test. Recorder notes counts per minute 
and records on data sheet. 

(11) Decontaminator selects the most effective decontaminant; based 
on previous results, and brushes it on the surface for 1 minute. 
He blots the excess liquid with a sanitary napkin; the RSO then 
monitors with the AN/PDR-27J. 

(12) Decontaminator then performs a final wipe test. Recorder notes 
findings on data sheet. RSO takes final reading of surface with 
AN/PDR-27J following wipe test. 

(13) Teams select similar surface which is contaminated with a dry 
contaminant and repeat steps ( 3 ) through (12), unless back¬ 
ground is obtained in prior step. 

(14) Teams select third surface and repeat steps (3) through (12), 
unless background is achieved in prior step. 
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HEALTH PHYSICS 
ENVIRONMENTAL SURVEY 


DF430 






3 . 


Health Physics Office 


4. Laboratory T 

5. Vault 

6. Isotope Laboratory 


IV. 

Handouts: 

DF430, Survey Results 

V. 

Problems: 

None 

VI. 

Solutions: 

None 
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SURVEY RESULTS 


Smear Test. 

Instrument SN _ 

Background _ Counts _Time (Min) 
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RADIOLOGICAL SAFETY 
INVOLVING X-RAYS 


DF440 





DF440, RADIOLOGICAL, SAFETY INVOLVING X-RAYS 

I. References: None 

II. Discussion and Notes: 

A. Discussion. 

1. Shielding. 

a. Aluminum equivalent - the thickness of aluminum affording the 
same attenuation, under specified conditions, as the material 
in question. 

h. Concrete equivalent - the thickness of concrete "based on a 

density of 2.35 g/cm^ (l4j lb/ft3) affording the same attenua¬ 
tion, under specified conditions, as the material in question. 

c. Filter - material placed in the useful beam to absorb preferen¬ 
tially the less penetrating radiation. 

d. Added filter - filter added to the inherent filtration. 

e. Inherent filtration - filtration in the useful beam due to the 
window of the X-ray tube and any permanent tube enclosure. 

f. Total filter - the sum of the inherent and added filters. 

g. Half-value layer (hvl) - thickness of an absorber required to 
reduce a beam of radiation to one-half its incident exposure 
dose rate. 

h. Lead equivalent - the thickness of lead affording the same 
attenuation, under specified conditions, as the material in 
question. 

2. Shielding Barriers. 

a. Protective barrier - barrier of attenuation materials used to 
reduce radiation exposure. 

b. Primary protective barrier - barrier sufficient to attenuate 
the useful beam to the required degree. 

c. Secondary protective barrier - barrier sufficient to attenuate 
stray radiation to the required degree. 

3. Radiation and Radiation Hazards. 

a. Radiation - energy propagated through space. In this presenta¬ 
tion, radiation refers to X-rays. 

b. Leakage radiation - all radiation coming from within the tube 
housing except the useful beam. 
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c. Scattered radiation - radiation that, during passage through 
matter, has been deviated in direction. It may also have been 
modified by a decrease in energy. 

d. Stray radiation - radiation not serving any useful purpose. It 
includes leakage and secondary radiation. 

e. Useful beam - that part of the radiation which passes through the 
window, aperture, cone, or other collimating device of the tube 
housing. 

f. Radiation hazard - a condition under which persons might receive 
radiation in excess of the maximum permissible dose, or radia¬ 
tion damage might be caused to materials. 

i+. Beam Shielding. 

a. Collimator - a device used to restrict the size of the useful beam 
to less than the area of the barrier. 

b. Shutter - a device, generally of lead, fixed to an X-ray tube 
housing to intercept the useful beam. 

c. Cone - a cone-shaped metal tube which absorbs the unwanted di¬ 
vergent rays from the X-ray beam. Its purpose is to produce a 
limited beam of radiation so that a specific size film is completely 
covered. 

d. Cylinder - a cylindrically shaped metal tube which absorbs the 
unwanted part of the beam. The cylinder is designed to project 
a small beam of radiation to the center of the film. 

e. Diaphragm - consists of a piece of lead with a small hole cut into 
it. This hole is adjustable on some diaphragms. 

5. X-Ray Construction and Controls. 

a. Diagnostic-type protective tube housing - X-ray tube housing so 
constructed that the leakage radiation at a distance of 1 meter 
from the target cannot exceed 100 mr/hr when the tube is operated 
at any of its specified 'ratings. 

b. Therapeutic-type protective - tube housing - X-ray tube housing so 
constructed that the leakage radiation at a distance of 1 meter 
from the target cannot exceed 1 rad/hr and at a distance of 5 era 
from any point on the surface of the housing accessible to the 
patient cannot exceed 30 rad/hr when the tube is operated at any 
of its specified ratings. 
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c. Dead-man switch - a switch so constructed that a circuit closing 
contact can only be maintained by continuous pressure by the 
operator. 

d. Interlock - a device for precluding access to an area of radiation 
hazard either by preventing entry or by automatically removing the 
hazard. 

e. Controlled area - a defined area in which the occupational expo¬ 
sure of personnel to radiation or to radioactive materials is 
under the supervision of an individual in charge of radiation 
protection. 

f. Radiation protection survey - evaluation of the radiation hazards 
in and around an installation. It customarily includes a physical 
survey of the arrangement of the exposure rates under expected 
operating conditions. 

6. Terminology Used in Operations. 

a. Constant potential - this term is applied to a unidirectional 
potential (or voltage) which has little or no periodic variation. 

The periodic component is called the ripple potential (or ripple 
voltage). 

b. FOS - distance from focal spot to skin surface of patient. 

c. Kilovolt peak (kvp) - the crest value in kilovolts of the potential 
of a pulsating potential generator. When only one-half of the wave 
is used the value refers to the useful half of the wave. 

d. Milliampere (ma) - current flowing in the tube. Most X-ray 
machines are operated at, or above, the saturation current of 
the tube. The saturation current is the maximum current which 
will flow from the cathode to the anode (measured in ma) re¬ 
gardless of kvp applied. The kv may be varied independently of 
the ma, and the ma may be charged independently of the kv. 

e. Occupancy factor (T) - the factor by which the workload should be 
multiplied to correct for the degree or type of occupancy of the 
area in question. 

f. Use factor (U) - the fraction of the workload during which the 
useful beam is pointed in the direction under consideration. 

g. Workload (W) - the use of an X-ray machine expressed in milliampere 
minutes per week. 


660 



7. X-Ray Production. 

a. Source of electrons must be available. 

b. Means of very rapidly speeding up (accelerating) these electrons. 

c. Means of very suddenly stopping the electrons. 

8. Radiographic Installations. 

a. Useful beam pointed mainly toward the radiographic table and chest 
cassette holder. 

b. Protective enclosure so located that X-ray technician can observe 
and communicate with patient. 

c. Lead glass window sufficient size (not less than 10" x 12"). Center 
of lead glass 60" from floor. 

d. X-ray control booth accommodates the X-ray control and X-ray tech¬ 
nician. Technician can locate in front of the lead glass window. 

9. Structural Detail of Protective Barriers. 

a. l/l6" sheet lead if the required lead equivalent thickness is nor 
provided by existing wall or floor structure. 

b. No sag or cold-flow of lead shielding because of their own weight. 

* c. Joints in barrier lap at least •§-" . 

d. Welded or burned seams not less than barrier requirement. 

e. Windows, window frames, doors, and door frames same lead equivalent 
as adjacent wall. 

f. Holes in barrier covered so overall attenuation is the same. 

g. Louvers and holes for conduits, air ducts, etc^ provided baffles 
to waive some attenuation. 

10. Radiographic Equipment. 

a. The tube housing should be of diagnostic type. 

b. Diaphragms or cones should be provided for collimating the useful 
beam and should provide the same degree of protection as that re¬ 
quired of the housing. 
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c. The total filtration permanently in the useful beam should be not 
less than 2.5 of aluminum equivalent. This requirement may 
be assumed to have been met if the hvl is not less than 2. 5 mm 
aluminum at normal operating voltages. The tube may be 
assumed to have an inherent filtration of 0.5 mm aluminum 
equivalent. 

d. A dead-man type of exposure switch should he provided and so arranged 
that it cannot he conveniently operated outside a shielded area. 
Exposure switches for "spot-film" devices used in conjunction with 
fluoroscopic tables are excepted from this shielding requirement. 

11. Structural Shielding. 

a. All inside walls and doors should have a lead equivalent thickness 
of 1/ 16" to a height of 7 feet. 

h. The floor should have a lead equivalent thickness of 1/16" if the 
area below the radiographic room is or could he occupied. 

c. The ceiling should have a lead equivalent thickness of l/3 —' if the 
area above the radiographic room is or could he occupied. 

d. If the chest cassette holder is located against the outside wall 
and the area within 50 feet beyond the outside wall is occupied, 
the wall behind the chest cassette holder should have a lead equi¬ 
valent thickness of l/l6". This area should extend from the floor 
to a height of 7 feet and extend 2 feet beyond the sides of the 
cassette holder. 

e. The X-ray control cabinet should be located in an adjacent room or 
in a shielded booth within the same room. The control booth should 
be so arranged that the radiation has to be scattered at least 
twice before entering the booth. The lead equivalent thickness of 
the booth wall should be l/l6". 

f. An observation window having a lead equivalent thickness of l/l6" 
should be provided in the control booth wall for the X-ray techni¬ 
cian. The window should provide a convenient, unobstructed view 
of all areas within the radiographic rooms where a patient may be 
placed for radiography. 
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B. Notes. 
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DEPARTMENT OF 

HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 


4. LOCATION (Street, Building, Room Number) 


9. DATE 

(Mo.. Day. Yr.) 

7 B 9 10 11 12 


EPSON IN CHARGE OF X*RAY FACILITY 


X-RAY PROTECTION SURVE V REPORT 

FACILITY »u 


S. NUMBER A SSI BN E D BYAOKNC 


FORM APPROVED 
BUDGET BUREAU NO- 6B-R00B 


IS 14 10 10 17 



EPSON RESPONSIBLE FOR RADIATION SAFETY: NAME 


ERSON INTERVIEWED: 

1 I . PREVIOUS RADIATION SAFETY SURVEY: y #g 

e y whom: DATE i 

1 2. TYPE OF facility: 1. Prlvof Qfflc* 2. Ho»pitol 3. Clink 

4._Mobil* 5._Other (Specify) 


TITLE 


POSITION 



A. TOTAL NUMBER OCCUPATIONALLY EXPOSED 

B. TOTAL NUMBER OF OPERATORS_ 


C. TOTAL NUMBER MONITORED 


D MONITORING SYSTEM EMPLOYED: 0. _N»v« gt nono 1._Currently 

2._Within poot yoor 3, _Not within post yoor 

E. MONITORING SYSTEM ADEQUATE: 1._Yo» 2._ No 3._N/A 

F. MONITORING RECORDS SATISFACTORY: 1. _Yo» 2._No 3._N/A 

G. LEVELS/MONTH: _ Moslnuim MR. H NUMBER OV ER 300 MR 'QUART ER 


■m 

31 32 

CP 

37 

si 


A. PATIENTS RADIOGRAPHED (Average per week) 

A 
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DEPARTMENT OP 

HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 


I. NAME OP PACILITV 


4. LOCATION (Sift, Building, Room NtMnbor) 


X-RAY PROTECTION SURVEY REPORT 

FLUOROSCOPIC 


*. TELEPHONE 


FORM APPROVED 
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OIPARTMRNT OF 

health, education, and welfare 

PUBLIC HEALTH SERVICE 


1. NAME OF FACILITY 


RADIATION PROTECTION SURVEY REPORT 

THERAPEUTIC 
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BUDGET BUREAU NO. BB'RSOS 
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F. STRENGTH OF 
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2. STATE. COUNTY, 


PHYSICAL RADIATION PROTECTION SURVEY C|TY ' 

OF DENTAL X-RAY EQUIPMENT INSTALLATION 3 dentist, card 

CARD NO. I IDENTIFICATION 


•LL 




4. TOTAL X-RAY UNITS AT INSTALLATION 


5. X-RAY UNIT IDENTIFICATION NUMBER 


6. NUMBER OF PERSONS OPERATING THIS UNIT 


INSTALLATION ADDRESS 



7. NUMBER OF OFFICE PERSONNEL 

A FULL TIME DENTISTS 
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8. TYPE OF PRACTICE 1. GENERAL 


2. ORAL SURGERY 

3. ORTHODONTIC 


PEDODONTIC_ 
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CARO 

NO. 4 
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31 BEAM QUALITY DETERMINATION (CAF ON/CAP OFF METHOD) 
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E. CHAMBER A CAP ON 


F. CHAMBER B CAP OFF 


TIME IN SECONDS 


WOE* OF ROENTGENS 


TIME IN SECONDS 


NUMBER OF ROENTGENS 




□ 

18 19 

_ 

□ 

20 21 
ROENTCENS/SEC 

□ 


□ 

22 23 24 

ROENTGENS/SEC 

J 

□ 
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III. Laboratory Exercise: None 


IV. Problems: 

V. Solutions 


None 

None 
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LASERS 

OPERATION AND SAFETY 






Student Performance Objectives. 

A. Have a knowledge of the operation of a standard laser system 
to include knowledge of the components of a laser system. 

B. Have a knowledge of the hazards associated with laser use 
and the RPO's responsibilities for evaluating these hazards. 

C. Be aware of the agencies available to aid the post RPO in his 
hazard evaluation duties, and the procedures necessary to obtain 
their assistance. 


Appendix A 
Appendix B 
Appendix C 

Appendix D 

Appendix E 


Contents 

Introduction to Lasers 

Radiometric and Photometric Terms and Units 

Cl, AR 40-46, 6 Feb 74, Control of Health Hazards from 
Lasers and Other High Intensity Light Sources 

Extructs from TB Med 279, 18 Sep 74, Control of Hazards 
to Health From Laser Radiation 

Warning Signs and Labels for Lasers 
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APPENDIX A 


INTRODUCTION TO LASERS 


A-l. General Information, a. Lasers are finding 
ever increasing military applications—principally for 
target acquisition and fire control. These lasers are 
termed rangefinders, target designators and target 
illuminators. Lasers are also being used in com¬ 
munications, precision distance measurements, 
guidance systems, metal working, photography, 
holography, and medicine. 

b. Laser radiation should not be confused with 
ionizing radiation (X-rays and gamma rays) even 
though laser beams with high irradiances have been 
known to produce ionization. 

c. The word laser will be applied to devices using 
light amplification by stimulated emission of 
radiation and usually operating with an output 
wavelength of approximately 200 nm (0.2 ^m) to 
1000 jim (1mm). Most lasers operate in the con¬ 
tinuous wave (CW) mode, normal pulsed mode, Q- 
switched mode, or mode-locked mode. 

A-2. The Nature of Light. The word, light, as 
commonly used, refers to that portion of the elec¬ 
tromagnetic spectrum which produces a visual ef¬ 
fect. It was first shown by James Clerk Maxwell in 
1873 that light is electromagnetic radiation which 


propagates at approximately 3 x 10 8 meters per 
second. Albert Einstein later predicted that the 
velocity of light in a vacuum is constant throughout 
the universe and is the ultimate speed at which 
energy may be transmitted. Quantum mechanics, 
the branch of science dealing with atomic and 
subatomic particles, describes the smallest in¬ 
divisible quantity of radiant energy as one photon. 
The amount of energy Qq , represented by one 
photon is determined by the frequency v , and 
Plank’s constant, h. 

Qq — h v (1) 

The frequency, u , and wavelength, X, of light are 
related by the velocity of light, c, so that knowing 
one, the other may be determined by use of the 
relationship. 

c= v A (2) 

Man has made use of almost the entire elec¬ 
tromagnetic spectrum, from zero Hertz, such as 
direct current from storage batteries, to 
10 24 Hertz, the very hard X-rays used for non¬ 
destructive inspection of metal parts. Figure A-l 
shows the electromagnetic frequency spectrum and 
some of its uses and properties. 
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THE ELECTROMAGNETIC SPECTRUM 


FREQUENCY 

WAVELENGTH 

IN HERTZ 

IN METERS 

10°- 

-1Hz 

3x10 8 - 

- 

10 1 - 

- 
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- 

10 7 
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io u - 

- 

3X10* 6 - 

-3,/um ? 
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- 

3X10- 7 - 

- 

10 16 - 

- 

3X10' 8 - 

mS 

10 17 - 

- 

3x1 a 9 - 

- 3nm 

10 ,B 

- 

3xl0' 10 

-3A° 

10 19 - 

- 

3x10*" 

- 

10 20 

- 

3x1 a 12 

-3pm 


t/> 

esc 

LU 

CO 

< 


- COMMERCIAL POWER (60Hz) 

TELEPHONE 
DIATHERMY (13.56KHz) 


AM BROADCAST 
(535-1605 KHz) 

DIATHERMY (27.12 MHz) 
DIATHERMY (40.68 MHz) 

FM BROADCAST (88.108 MHz) 
TELEVISION BROADCAST 
RADAR 


INFRARED 
VISIBLE LIGHT 
> ULTRA VIOLET 


, OPTICAL 
RADIATION 


> X-RAYS 


"> MEDICAL X-RAYS 


Figure A-l. The electromagnetic frequency spectrum. 


A-3. Production of Light, a. Electromagnetic ra¬ 
diation is emitted whenever a charged particle, e.g., 
an electron, gives up energy into an electric field. 
This happens every time an electron drops from a 
higher energy state to a lower energy state in a 
molecule, atom, or ion (fig A-2). 

b. In ordinary light sources, electron transitions 
from higher energy states to lower energy states 
occur randomly and one photon has no correlation 
with another. In a laser, however, these transitions 
are stimulated by photons of precisely the right 
energy. The stimulated emissions occur with exactly 
the same wavelength, phase, and direction as the 
photons that stimulated the emissions. 

c. Electrons must be raised to higher energy 


levels before they can make the transitions to lower 
energy levels and radiate photons. There are many 
ways in which electrons can be raised to higher 
energy levels or become “excited”: 

(1) By heating, as in the filament of an in¬ 
candescent lamp; by collisions with other electrons, 
as in a fluorescent lamp or television picture tube; 

(2) By absorbing energy from photons, as in 
luminescent paint on a watch dial; 

(3) By chemical reactions, as in a flame. 

d. In addition to the familiar electronic energy 
levels, a molecule can also have energy levels arising 
from the vibrational and rotational motion of the 
molecules. 
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Figure A-3. Three level energy diagram, one of the many possible sets of energy levels for laser action. 


A-6. Pumping System. To raise electrons to a higher 
energy level, lasers employ pumping systems (fig A- 
4). These systems pump energy into the laser 
material, increasing the number of electrons trapped 
in the metastable energy level. When the number of 
electrons in the metastable energy level exceeds 
those in the lower level, a population inversion exists 
and laser action is possible. Several different 
pumping systems are available—optical, electron 
collision, and chemical reaction: 

a. Optical pumping uses a strong source of light, 
such as a xenon flashtube or another laser (e.g., ruby 
laser). 

b. Electron collision pumping is accomplished by 
passing an electric current through the laser material 
or by accelerating ele ctrons from an electron gun to 


impact on the laser material (e.g., Helium-Neon 
lasers). 

c. Chemical pumping is based on energy released 
in the making and breaking of chemical bonds (e.g., 
Hydrogen-Fluoride lasers). 

A-7. Optical Cavity. A resonant optical cavity is 
formed by placing a mirror at each end of the laser 
material so that a beam of light may be reflected 
from one mirror to the other, passing back and forth 
through the laser material (fig A-5). Lasers are 
constructed in this way so that the beam passes 
through the material many times and is amplified 
each time. One of the mirrors is only partially 
reflecting and permits part of the beam to be 
transmitted out of the cavity. 
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Figure A-2. Emission of radiation by transition of an electron from a higher energy state to a lower energy state. 


A-4. Components of a Laser. The laser has three 
basic components: 

a. A lasting medium 

b. A pumping system (energy source) 

c. A resonant optical cavity. 

Lenses, mirrors, shutters and other accessories may 
be added to the system to obtain more power, 
shorter pulses, or special beam shapes but only three 
basic components are necessary for laser action. 
A-5. Lasing Medium. A lasing medium, to have 
suitable energy levels, must have at least one excited 
state (metastable state) where electrons can be 
trapped and not immediately and spontaneously 
dropped to lower states. Electrons may remain in 


these metastable states from a few microseconds to 
several milliseconds. When the medium is exposed to 
the appropriate pumping energy the excited elec¬ 
trons are trapped in these metastable states long 
enough for a population inversion to occur, i.e., there 
are more electrons in the excited state than in the 
lower state to which these electrons decay when 
stimulated emission occurs. Figure A-3 shows a 
simplified three-level energy diagram for a laser 
material. This is just one of the many possible 
systems of energy levels. Although laser action is 
possible with only two energy levels, most such 
actions involve four or more levels. 
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Figure A-4. Population inversion Droduced by pumping electrons from a lower energy state to a higher 

energy state so that the higher state has more electrons (larger population) than the lower state. 
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Figure A-5. Three typical optical cavities: Simple flat mirror system (top), rotating prism q-switch system 
(middle), and confocal mirror system (bottom). 


A-8. Laser Operation, a. Energy is supplied to the 
laser material by the pumping system. This energy 
is stored in the form of electrons trapped in 
metastable energy levels. Pumping must produce a 
population inversion before laser action can take 
place. 

b. A population inversion exists when a higher 
energy level has more electrons (population) than a 
lower energy level, which is contrary to natural 
order. A population inversion is necessary because 
the stimulated emission would be absorbed by lower 
energy level electrons. 


c. When a population inversion is achieved, the 
spontaneous decay of a few electrons from the 
metastable energy level to a lower energy level starts 
a chain reaction. The photons emitted spontaneously 
will stimulate other electrons to make the transition 
from the metastable energy level to lower energy 
levels, emitting photons of precisely the same 
wavelength, phase, and direction. 

d. When the photons reach the end of the laser 
material they are reflected by the end-mirror back 
into the material where the chain reaction continues 
and the number of photons is increased. When the 
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Figure A-8. Schematic of CO 2 gas transport laser ( GTL ) which is representative of a larger type of flowing- 

gas laser. A still larger type of gas laser (not shown) employs a combustion chamber and supersonic 
nozzles for population inversion and is known as a gas dynamic laser ( GDL ). 



Figure A-9. Schematic of gallium-arsenide laser with direct-current (electron collision ) pumping, 
representative of semiconductor or injection lasers. 
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Figure A-10. Schematic of liquid dye laser with optical pumping. 


b. The quality of the optical cavity of a laser can 
be changed by placing a shutter between the mirrors. 
This enables the beam to be turned on and off rapidly 
and normally creates pulses with a duration of a few 
tens of nanoseconds to a few tens of microseconds. 
This mode of operation is normally called Q- 
switched, although it is sometimes referred to as Q- 
spoiled or giant pulse. (The “Q” refers to the 
resonant quality of the optical cavity.) A laser 
operating in the Q-switched mode delivers less 
energy than the same laser operating in the normal 
pulse mode, but the energy is delivered in a much 
shorter time period. Thus, Q-switched lasers are 
capable of delivering very high peak powers of 
several megawatts or even gigawatts. Most military 
lasers are Q-switched with a pulse duration of 10 to 
30 ns and are used in target acquisition and fire 
control. 

c- When the phases of different frequency modes 
are synchronized, i. e., “locked together,” the 
different modes will interfere with one another to 
generate a beat effect. The result will be a laser 
output which is observed as regularly spaced 
pulsations. Lasers operating in this fashion, mode- 
locked, usually produce trains of pulses, each having 
a duration of a few pico-seconds to a few 
nanoseconds. A mode-locked laser can deliver higher 
peak powers than the same laser operating in the Q- 
switched mode. 

d. Some lasers are able to operate continuously. 
This mode of operation is called continuous wave or 


CW. In this mode of operation, the peak power is 
equal to the average power output; that is, the beam 
irradiance is constant with time. 

e. Pulsed lasers can be operated to produce 
repetitive pulses. The pulse repetition frequency of a 
laser is the number of pulses which that laser 
produces in a given time. Lasers are now available 
with pulse repetition frequencies as high as several 
hundreds of thousands of pulses per second. There is 
an enormous variation in the pulse widths and pulse 
repetition frequencies which can be generated. 
Therefore, the specification of such pulse charac¬ 
teristics is extremely important in any evaluation of 
the interaction of laser radiation with biological 
systems. 
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APPENDIX B 


RADIOMETRIC AND PHOTOMETRIC TERMS AND UNITS 
1 . PHYSICAL TERMINOLOGY 

In discussing the quantitative aspects of the bioeffects of radiant 
energy, there are several physical terms which are often misused. There 
is an accepted standard nomenclature (Systeme International) of which the 
reader should be aware. A recent summary of radiometric and photometric 
terms, units, and conversion factors has been prepared by Meyer-Arendt 
(1968). In describing effects of radiant energy (which itself is a 
standard term with units of joules) upon tissue, most investigators have 
used power or energy per unit area (e.g., watts/cm 2 or joules /cm 2 ) and 
termed these power density or energy density. By the Systeme International, 
power or energy density refers to power or-energy per unit volume and 
not per unit area. However, for the purpose of this review, these terms 
refer to power or energy per unit area, as widely used in the literature. 
Rather than radiant energy, the term "radiation" is preferable. Unfortu¬ 
nately, the term "radiation" means only ionizing radiation to many. One 
other term widely used to connote both energy density and power density is 
"beam intensity." By the Systeme International, "radiant intensity" is 
power per unit solid angle (watts per steradian) from a point source. 

Several other terms used in discussing ocular hazards are explained in 
the following two paragraphs. 

The terms "luminance" and "illuminance" are "photometric" terms which 
are related to the visual response of the eye: whereas "radiance" and 
"irradiance" are "radiometric terms which are related to absolute measure¬ 
ments of radiation. Terms in the "photometric" system are valuable to 
illuminating engineers in describing levels of visible light in a given 
situation: whereas terms in the radiometric system are a part of the 
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Radiometric and Photometric, Terms and Units 


fabric of physical units and are not dependent on the response of the eye. 
There are no fixed methods for translating light levels measured In one 
system to corresponding levels in the other system, since such factors 
would depend upon the spectral distribution of the radiant source, l.e., 
how much of the source energy is infrared and ultraviolet radiation not 
visible to the eye, and how much is in the spectral band to which the eye 
is most sensitive. 

The terms "radiance" and "luminance" are used to describe the rate 
of light or radiant energy leaving the source per solid angle, i.e., the 
'^brightness" of the source. Alternatively, the terms "irradiance" and 
"Illuminance" are used to describe the level arriving at a given point 
in spacej l.e., the level measured by detector which measures the number 
of photons falling upon a unit area of surface. Table I provides a list 
of these terms and their units. 



USEFUL CIE RAniOETKIC ANO PHOTOtTRIC TERMS AND UNITS 
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Radiomatric and Photometric Terms and Units 


1. METRIC SYSTEM/EQUIVALENT UNITS. 


I m = 100 cm = 1,000 mm = 39.37 Inches 
I cm = 0.3938 Inches; I Inch = 2.54 cm 
I pm= I0~ 6 meters = I0 -4 cm 
Time . 

I msec = 1/1,000 second = 1 x 10" 3 second 
I psec = 1/1,000,000 second = I x I0" 6 second 
I nsec = I x I0“ 9 second 

Angle . I mllllradlan = I0" 3 radian = .057 degree = 3.4 arc-minutes = I mi I 
Solid AngIe. I sr = one steradian = l/4ir sr In one sphere 
I hertz - I cycle/second 
I kilohertz = 1,000 hertz = I x hertz 

I megahertz = 1,000,000 hertz * I x io 6 hertz 
I gigahertz - 1,000,000,000 hertz • 10 9 hertz 

EXPONENTIAL SYSTEM. For convenience In writing and manipulation, unwleldly 
numbers are written as factors of appropriate powers of 10. The following 
examples will Illustrate: 

2,380,000,000 = 2.38 x I0 9 

2.38 = 2.38 x I0 2 

0.238 - 2.38 x I0" 1 

0.000000238 = 2.38 x 10" 7 
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AR 40-46 

CHAPTER 1 
GENERAL 


I-l. Purpose. This regulation establishes Depart¬ 
ment of the Army policies, procedures, and 
standards for the protection of personnel from 
the hazards to health of optical radiation. It out¬ 
lines procedures to be followed in the event of a 
known or suspected overexposure of personnel to 
such radiation. 

1-2. Scope. This regulation is applicable to all 
commands of the Department of the Army. 

1-3. Definitions, a. Optical radiation. Electro¬ 
magnetic radiation within the wavelength range 
100 nanometers to 1 millimeter (10* nanometers) 
(i.e., ultraviolet, visible, and infrared radiation). 

' b. Laser. An acronym for Light Amplification 
by Stimulated Emission of Radiation. As used in 
this regulation, laser denotes either the laser 
radiation source itself, or an entire system em¬ 
bodying such a source, as appropriate. 

c. Optical source. Any source of optical radia¬ 
tion, e.g. searchlights, lasers, and electric arcs. 

d. Laser protection standards. Published stand¬ 
ards for laser exposure which will insure that 
personnel will not sustain injury in the light of 
existing medical knowledge. 

e. Ocular hazard distance. The distance of the 
human eye from the operating laser or other 
optical source within which the beam radiant 
exposure or irradiance exceeds the applicable 
optical radiation protection standard. 

f. Units. Radiometric units used shall be in 
accordance with the International System of 
Units adopted by the 11th General Conference on 
Weights and Measures, October 1969 and the 
International Lighting Vocabulary Publication 
CIE No. 17 (E—1.1) 1970, published by the 
International Commission on Illumination. 

1-4. Policy, a. Exposure to laser radiation shall 
be controlled to insure that individuals are not 
subjected to levels in excess of those established 
by the Protection Standards prescribed in 
chapter 2. 

b. Laser hazard assessments will be accom¬ 
plished in accordance with provisions of TB 
MED 279. 

c. Medical surveillance programs will be es¬ 
tablished to insure that appropriate physical 


examinations are accomplished on those indi¬ 
viduals employed to work in a potentially 
hazardous laser radiation area. 

/ d. Lasers and other optical sources will be 
operated in such a way as to avoid potentially 
hazardous exposure of personnel who may be in 
the vicinity of the optical beam and within the 
ocular hazard distance as determined by the US 
Army Environmental Hygiene Agency (USA 
EHA). 

1-5. Responsibility. Responsibility for control of 
potential hazards to personnel from lasers and 
other optical equipment. 

a. The Surgeon General, Department of the 
Army, is responsible for the evaluation of potential 
optical radiation hazards to personnel operating 
lasers, searchlights, and similar equipment which 
generate optical radiation, that are utilized by the 
Department of the Army. 

(1) The Surgeon General, pursuant to AR 
10-5, will evaluate for development and design 
agencies the potential health hazards of equipment 
utilizing lasers and other optical source systems 
and provide guidance on measures which may be 
taken to avoid or prevent excessive exposure of 
personnel to optical radiation. These evaluations 
will be conducted by USAEHA. 

(2) The Surgeon General will evaluate plans 
upon request for the installation of laser equip¬ 
ment and make studies of the environmental 
conditions at user sites or test facilities. 

(3) USAEHA will conduct periodic com¬ 
prehensive surveys of laser installations at least 
every 3 years. These surveys will include evalua¬ 
tion of characteristics of laser equipment and 
activities at the site which may result in ex¬ 
posure of personnel, determination of the 
effectiveness of interlocks, eye protection, warning 
and/or limiting devices and review of standing 
operating procedures and other controls related 
to personnel protection. 

b. Agencies responsible for the development and 
design of laser equipment or its incorporation into 
weapons control or communications systems will 
insure that such equipment is evaluated for 
personnel exposure potential during the design, 
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development, and testing of the equipment. The 
Surgeon General will be notified in sufficient time 
to provide the services noted in paragraph a 
above. Pertinent information derived from this 
evaluation will be made available on request to 
any major Army commanders who have installa¬ 
tions or activities within their command which 
operate such equipment. 

c. Major Army commanders who have in¬ 
stallations and activities under their command 
which operate laser and high intensity light 
source equipment are responsible for— 

(1) Disseminating to installations and 
activities operating such equipment under their 
command information relating to the measures 
required for the control of exposure of personnel. 

(2) Assuring that installations and activities 
operating such equipment under their command 
have in force adequate programs as specified in 
d below for the control of exposure of personnel. 

(3) Prescribing conditions under which inter¬ 
locks, eye protection filters, and limiting and/or 
warning devices installed on equipment may be 
by-passed or overridden during combat alerts, 
training exercises, or in maintenance or calibration 
of equipment. 

d. Installation and activity commanders re¬ 
sponsible for the operation or testing of potentially 
hazardous optical equipment will take necessary 
measures to assure that— 

(1 ) Personnel working in the vicinity of laser 
equipment "and high intensity optical sources are 
informed as to the potential personnel health 
hazards associated with exposure to optical radia¬ 
tion from the specific equipment being used. 

(2) . ^Standijjg^operating^grocedures are pub¬ 
lished and enforced, as required, concerning such 
matters as the control of the positioning of optical 
devices, control of the movement of personnel, 
and the minimization of exposure of personnel in 
the vicinity of the hazardous optical beam(s). 

(3) Protective devices are labeled and used 
only under the conditions for wmch they are 
designed. 

(4) Appropriate _areas^ of possible hazardous 
exposure are placarded to indicate the nature of 
the hazard. The placard will be in accordance with 
AR 385-30. 

(5) Any suspected laser radiation accidents in¬ 
volving individual exposure in excess of protection 


standard s are reported in accordance with AR 
385-40. The report should include— 

(а) A description of the laser installation 
and circumstances leading to the exposure. 

(б) Details of the immediate and sub¬ 
sequent ophthalmologic findings. 

(61 All personnel w ho are employed to work in 
a potentially hazardous laser area (paragraph 
l-6a) are-included in an occupational vision nrn - 
_jjjrgn^ which encompasses thorough" - general 
ophthalmologic examinations before being assigned 
to work with laser-producing equipment; 1 to 2- 
year intervals thereafter; and on termination of 
such employment. 

1-6. Medical surveillance. 

a. Personnel to be examined. An individual 
whose occupation or assignment may result in a 
significant risk of exposure to potentially haz¬ 
ardous levels of optical radiation shall have a 
preplacement medical examination, a termination 
of employment examination, and be included in an 
occupational vision program. The following types 
of individuals are considered in this category: 

(1) Those individuals routinely using lasers in 
any RDTE effort. 

(2) Certain laser equipment, such as tripod- 
mounted, hand-held or airborne laser rangefinders, 
designators, or illuminators may be determined 
to present a sufficient hazard to operators and 
maintenance personnel that such personnel may 
be required by The Surgeon General to be ex¬ 
amined. The warning page of the technical manual 
for each laser device will indicate which types of 
user or maintenance personnel should be examined. 

(3) Maintenance personnel routinely working 
with laser rangefinders, illuminators, or 
designators. 

(4) Operators and maintenance personnel 
routinely working with engineering laser transits, 
geodimeters, and alignment devices which have a 
radiant power output exceeding 1 milliwatt. 

b. Examination requirements. The medical ex¬ 
amination shall follow the procedures in TB MED 
279. 

c. Examination oj personnel known or suspected 
to have been injured by lasers. Personnel who are 
known or suspected to have been accidentally 
exposed to levels in excess of applicable laser 
protection standards shall be examined as soon 
as possible following such exposure. Personnel 
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working with lasers or other high intensity 
optical sources who complain of persistent after¬ 
images or other visual disturbances should be 
examined. 

1-7. Requests for assistance. Requests for tech¬ 


nical assistance from USAEHA in evaluating 
hazards from lasers and other high intensity 
optical sources should be directed through ap¬ 
propriate command channels per AR 40-4 to 
HQDA (DASG-HCH), WASH DC 20314. 
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APPENDIX D 


Extracts From TB Med 279, 18 Sep 74 


1. Introduction, a. The term LASER is an acronym 
derived from Light S implification by Stimulated 
^Emission of Radiation. The effects of laser radiation 
are essentially the same as optical radiation 
generated by more conventional ultraviolet, in¬ 
frared and visible optical sources. The unique 
biological implications attributed to laser radiation 
are generally those resulting from the very high 
beam collimation, beam intensities and 
monochromaticity of many lasers. Such sources 
differ from conventional sources of optical radiation 
primarily in their ability to attain highly coherent 
radiation (in phase). The increased directional in¬ 
tensity of the optical radiation generated by a laser 
results) in concentrated optical beam irradiances at 
considerable distances. A short summary of types of 
lasers and their characteristics is provided in ap¬ 
pendix A. 

b. Recent developments in laser technology have 
resulted in an increase in the utilization of these 
devices for military applications, both for research 
and field use. Field military lasers are used prin¬ 
cipally for target acquisition and fire control. The 
widespread use of these systems increases the 
probability of personnel exposure to injurious levels 
of laser radiation. Although these effects can be used 
to good advantage, they are potentially hazardous 
and adequate safeguards must be provided. 

c. The evaluation of laser hazards can be highly 
technical. However, in the interest of simplifying the 
task of developing range controls in the field, this 
bulletin is organized with practical guidance for this 
requirement in paragraph 10. More specialized in¬ 
formation may be found in paragraphs 7, 8 and 9. 
Detailed technical information for highly specialized 
laser applications may be found in appendixes B, C 
and I). 

2. Purpose and Scope. This bulletin provides 
guidelines for personnel protection within the 
framework of currently documented experimented 
evidence. The medical guidance possible is limited 
by the biologic data available. The scope of this 
bulletin encompasses the portion of the elec- 
tromagnetic spectrum which includes ultraviolet, 
visible light, and infrared in which laser radiation 
can be produced. 

3. Definitions, a. Accommodation —The ability of 
the eve to change its power and thus focus for dif¬ 
ferent object distances. 

6. Angstrom (A) —A unit of measure of 
wavelength equal to 10 -IU meter, 0.1 nanometer, or 
10“ 4 micrometer. 

c. Attenuation—The decrease in the radiant flux 
of any optical beam as it passes through an ab¬ 
sorbing and/or scattering medium. 

d. Beam Diameter (Dl,)-T he distance between 
diametrically opposed points in the cross-section of a 


circular beam where the power per unit area is 1/e 
times (37%) that at the peak. 

e. Beam Divergence (<t>) — Angle of beam spread 
measured in radians or milliradians (1 milliradian = 
3.4 minutes of arc or approximately 1 mil). For small 
angles where the chord is approximately equal to the 
arc, the increase in the diameter of the beam is 
numerically equal to 1,000th of the range in meters 
multiplied by the number of milliradians of beam 
divergence. That is, at 1,000 meters range a beam 
divergence of 2 milliradians would give beam 
diameter 2 meters wider than the emergent beam 
diameter. 

f. Beam Splitter— An optical device using con¬ 
trolled reflection to produce two beams from a single 
incident beam. 

g. Closed Installation —Any location where lasers 
are used which will be closed to unprotected per¬ 
sonnel during laser operation. 

h. CW Laser— Continuous wave laser, as dis¬ 
tinguished from a pulsed laser. A laser emitting for a 
period in excess of 0.25 second. 

i. Controlled Area— An area where the occupancy 
and activity of those within are subject to control 
and supervision for the purpose of protection from 
optical radiation hazards. 

j. Diffuse Reflection— Takes place when different 
arts of a beam incident on a surface are reflected over 
a wide range of angles. 

k. Duty-Cycle— Ratio of “on time’’ to total ex¬ 
posure duration for a repetitively pulsed laser. 

/. Electromagnetic Radiation — The propagation of 
varying electric and magnetic fields through space at 
the velocity of light. 

m. Emergent Beam Diameter (a) — Diameter of the 
laser beam at the exit aperture of the system in 
centimeters (cm). 

n. Inclosed Laser System— Any laser or laser 
system located within an inclosure which does not 
permit emission of hazardous optical radiation from 
the inclosure. 

o. Energy (Q) — The capacity for doing work. 
Energy content is commonly used to characterize the 
output from pulsed lasers, and is generally measured 
in joules (J). 

p. Exempt Power - exempt) and Exempt 

Energy {Q-exempt) — P exem pt is that output power 
(Q exempt that output energy/pulse) of a laser under 
consideration such that no applicable protection 
standard for exposure of the eye for a specified 
exposure duration can be exceeded under any 
possible viewing conditions with or without optical 
instruments, whether or not the beam is focused, 
(app C). 

q. Extended Source— An extended source of 
radiation can be resolved into a geometrical image in 
contrast with a point source of radiation, which 
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cannot be resolved into a geometrical image. For the 
purposes of this bulletin, a source which subtends an 
angle greater than « min (Symbols, app D). 

r. Gas Laser—A type of laser in which the laser 
action takes place in a gas medium, usually operated 
as a CW laser. 

s. Hertz (Hz) —Unit of frequency, i. e. “cycles per 
second.” 

t. Infrared Radiation (IR) — Electromagnetic 
radiation with wavelengths which lie within the 
range of 0.7 to 1000 ^m. This region is often broken 
into three spectral bands by wavelength: IR-A (0.7- 
0.78 to 1.4 M m), IR-B (1.4 jum to 3 /u.m), and IR-C 
(3 (i,m to 1 mm). 

u. Integrated Radiance (Lp) —Product of the 
exposure duration times the radiance. Also known as 
pulsed radiance (W*s*cm -2 sr~' = J*cm~ 2 *sr -1 ). 

v. Intrabeam Viewing —Viewing the laser source 
from within the beam. The beam may either be direct 
or specularly reflected. 

w. Irradiance (E) — Radiant flux density on a 

‘given surface, in units of watts-per-square- 
centimeter (W*cm ~ 2 ). 

x. Joule (J) — A unit of energy (1 watt-second) 
used normally in describing a single pulsed output of 
a laser, it is equal to one watt-second or 0.239 
calories. 

y. Joule* cm ~ 2 (J»cm~ 2 ) —A unit of radiant 
exposure used in measuring the amount of energy- 
per-unit-area of absorbing surface or per unit area of 
a laser beam. 

z. Lambertian Surface— An ideal diffuse surface 
whose emitted or reflected radiance (brightness) is 
independent of the viewing angle. 

aa. Laser—A source of intense, coherent and 
directional optical radiation. Also, an acronym for: 
/ight amplification by stimulated emission of 
radiation. A laser usually is composed of an energy 
source, a resonant cavity, and an active lasing 
medium. 

ab. Laser Device— Either a laser or a laser system. 

ac. Laser System— An assembly of electrical, 
mechanical, and optical components which includes 
a laser. 

ad. Laser Controlled Area —Any area which 
contains one or more lasers and in which the activity 
of personnel is subject to control and supervision. 

ae. Light— Visible radiation (400 nm to 700-780 
nm). For the purposes of this bulletin, limited to 
wavelengths between 400 and 700 nm. 

af. Micrometer ( pim) — Formerly termed 
“micron”, a measure of length equal to 10~ 6 m or 
1000 nanometers. 

ag. Nanometer (nm) — Unit of length equal to 
10" 9 m or 0.001 ,um. 

ah. Open Installation— Any location where lasers 
are used which will be open to operating personnel 


during laser operation and may or may not 
specifically restrict entry to casuals. 

ai. Optical Density (D^ ) — A logarithmic ex¬ 
pression for the attenuation produced by an at¬ 
tenuating medium, such as an eye protection filter. 

Optical density D\ - log 10 [<t> o 7 ^ tl 
Where <J> 0 is the incident power and<J>t 
is the transmitted power at a specific 
wavelength ,\. 

aj. Optically Pumped Lasers— A type of laser that 
derives energy from another light source such as a 
xenon flash lamp (coherent light sources have also 
been used). 

ak. Output Power and Output Energy— The laser 
output power is used primarily to rate CW lasers 
since the energy delivered per unit time remains 
relatively constant (output measured in watts). In 
contrast, pulsed lasers deliver energy in pulses and 
their effects may best be categorized by energy 
output per pulse. [The power output level of CW 
lasers is usually expressed in milliwatts (mW = 
1/1000 watt) or watts, pulsed lasers in the kilowatt 
range (kW = 1000 watts), and q-switched pulsed 
lasers in the megawatt (MW = million watts) or 
gigawatt range (GW = billion watts)]. Pulsed 
energy output is usually expressed in joules or 
millijoules (mJ = 1/1000) per pulse. 

al Point Source of Optical Radiation — Ideally, a 
source with infinitesimal dimensions. Practically, a 
source of radiation whose dimensions are small 
compared with the viewing distance. For this guide, 
a source which subtends an angle at the viewer less 
than a. 

am. Power (0)— The time rate at which energy is 
transferred. Usually expressed in watts (joules-per- 
second). 

an. PRF— Abbreviation for pulse repetition 
frequency. 

ao. Pulse Duration — Duration of a pulsed laser 

flash, it may be measured in terms of milliseconds 
(ms= 10 ~ 3 s), microseconds ( gsec = 10 s), or 

nanoseconds (ns = 10~® s). The time interval 
between the half-peak-power points on the leading 
and trailing edges of the pulse. 

ap. Pulsed Laser— A laser that delivers its 
energy in short pulses, as distinct from a CW laser. 
For the purpose of this bulletin a laser which emits 
for less than 0.25s. 

aq. Q-Switched Laser— Also known as Q-spoiled 
— is a laser capable of extremely high peak powers 
for very short durations (pulse duration of several 
nanoseconds). 

ar. Radian— A unit of angular measure equal to 
the angle subtended at the center of a circle by a 
chord whose length is equal to the radius of the 
circle. 
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One (1) Radian = 57.3 Degrees 
Or 2 7r Radians = 360 Degrees 

as. Radiance (L) —Radiant flux (radiant power) 
output per unit solid angle per unit area 
(W»sr _1# cm- 2 ); radiometric brightness. 

at. Radiant Energy (Q) — Energy in the form of 
electromagnetic waves usually expressed in units of 
joules (watt-seconds). 

au. Radiant Exposure (H) — The total energy per 
unit area incident upon a given surface in a given 
time interval. It is used to express exposure dose to 
pulsed laser radiation and is commonly expressed in 
J # cm- 2 . 

av. Radiant Flux or Radiant Power ( <t> )— The 
time rate of flow of radiant energy. Units—watts, 
(one (1) watt = 1 joule-per-second). 

aw. Radiant Intensity (I) — Radiant power in a 
given direction — radiant flux emitted from the 
source per unit solid angle (steradian), in the 
direction of propagation, usually expressed in 
W*sr _I . 

ax. Reflectance or Reflectivity (p) — The ratio of 
reflected radiant flux to incident radiant flux. 

ay. Repetitively Pulsed Laser—A pulsed laser 
with reoccurring pulsed output. The frequency of the 
pulses is termed pulse repetition frequency (PRF). 
Repetitively pulsed lasers have properties similar to 
CW lasers if the PRF or duty cycle is very high. 

az. Scintillation — In laser work, this term is 
frequently used to describe the effect upon a laser 
beam by atmospheric turbulence. 

ba. Semiconductor or Injection Diode Laser — A 
class of lasers which at present produce relatively 
low average power outputs. 

bb. Solid Angle ( « ) — The ratio of the area on 
the surface of a sphere to the square of the radius of 
that sphere. It is expressed in steradians (sr). 

be. Specular or Regular Reflection — A mirror¬ 
like reflection. 

bd. Steradian (sr) — The unit of measure for a 
solid angle. There are 4 n steradians in a sphere. 

be. Transmittance or transmissivity ( r ) — the 
ratio of total transmitted radiant power to total 
incident radiant power. 

bf. Ultraviolet radiation— Electromagnetic ra¬ 
diation with wavelengths between soft X-rays and 
visible, violet light. This region is often broken down 
into three spectral bands by wavelength: UV-A(315- 
400 nm), UV-B (280-315 nm, and UV-C (200-280 
nm). 

bg. Visible Radiation (Light) — Electromagnetic 
radiation which can be detected by the human eye. It 
is commonly used to describe wavelengths which lie 
in the range between 400 nm and 700-780 nm. For 
the purposes of this bulletin, it is limited to 
wavelengths between 400 and 700 nm. 

bh. Watt (W) — The unit of power or radiant 


flux; one Joule-per-second. Used principally with 
CW lasers. 

bi. Watt/cm 2 (W«cm~ 2 ) — A unit of 

irradiance used in measuring the amount of power- 
per-area of absorbing surface, or per area of a CW 
laser beam. 

bj. Wavelength (X) — The distance between two 
points in a periodic wave which have the same phase 
is termed one wavelength. The velocity of light (3 
XIO 10 cm • sec-' ) divided by frequency (in Hz) 
equals wavelength (in cm). 

4. Biologic Effects, a. General Laser radiation 
should not be confused with ionizing radiation (such 
as X and gamma rays) although very high 
irradiances have been known to produce ionization in 
air and other materials. The biologic effects of laser 
radiation are essentially those of visible, ultraviolet 
or infrared radiation upon tissues. However, radiant 
intensities typically produced by lasers are of 
magnitudes that could previously be approached 
only by the sun, nuclear weapons, burning 
magnesium, or arc lights. This is one of the im¬ 
portant properties that make lasers potentially 
hazardous. Laser radiation incident upon biologic 
tissue will be reflected, transmitted, and/or ab¬ 
sorbed. The degree to which each of these effects 
occurs depends upon various properties of the tissue 
involved. Absorption is selective, as in the case of 
visible light; darker material such as melanin or 
other pigmented tissue absorbs more energy. 

b. Skin. Adverse thermal effects resulting from 
exposure of the skin to radiation from 315 nm to 1 
mm may vary from mild reddening (erythema) to 
blistering and charring, depending upon the ex¬ 
posure dose rate and the dose (amount of energy) 
transferred and conduction of heat away from the 
absorption site. Adverse skin effects resulting from 
exposure to actinic ultraviolet radiation (200-315 
nm) vary from erythema to blistering depending 
upon the wavelength and total exposure dose. 

c. Eye. 

(1) General. In almost all situations the eye is 
the organ most vulnerable to injury. Figure 1 
provides a schematic representation of absorption of 
electromagnetic radiation by the eye: 

(a) Most higher energy X rays and gamma 
rays pass completely through the eye, with relatively 
little absorption. 

(b) Absorption of short-ultraviolet (UV-B 
and UV-C) and far-infrared (IR-B and IR-C) ra¬ 
diation occurs principally at the cornea. 

(c) Near ultraviolet (UV-A) radiation is 
primarily absorbed in the lens. 

(d) Light is refracted at the cornea and lens 
and absorbed at the retina; near-infrared (IR-A) 
radiation is also refracted and is absorbed in the 
ocular media and at the retina. 
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(2) Light (400-700 nm) and Near-Infrared (IR- 
A) Radiation (700-1400 nm). Adverse laser effects 
are generally believed to be limited largely to the 
retina in this spectral region. The effect upon the 
retina may be a temporary reaction without residual 
pathologic changes, or it may be more severe with 
permanent pathologic changes resulting in a per¬ 
manent scotoma. The mildest observable reaction 
may be simple reddening: as the retinal irradiance is 
increased, lesions may occur which progress in 
severity from edema to charring, with hemorrhage 
and additional tissue reaction around the lesion. 
Very high radiant exposures will cause gases to form 
near the site of absorption which may disrupt the 
retina and may alter the physical structure of the 
eye. Portions of the eye other than the retina may be 
selectively injured, depending upon the region where 
the greatest absorption of the specific wavelength of 
the laser energy occurs and the relative sensitivity of 
tissue affected. 

(3) Ultraviolet Radiation (200-400 nm). Actinic 
ultraviolet radiation UV-B and UV-C (200-315 nm), 
can produce symptoms similar to those observed in 
arc welders. It may cause severe acute inflammation 
of the eye and conjunctiva. UV-B and UV-C 
radiation does not reach the retina. Near ultraviolet 
radiation (UV-A) is absorbed principally in the lens 
which causes the lens to fluoresce. Very high doses 
can cause comeal and lenticular opacities. In¬ 
significant levels of UV-A reach the retina. 


(4) Far-Infrared Radiation, IR-B and IR-C, 
(1.4-1000 ftm). Absorption of far-infrared radiation 
produces heat with its characteristic effect on the 
cornea and the lens of the eye. The 10.6 micrometer 
wavelength from the carbon-dioxide laser is ab¬ 
sorbed by the cornea and conjunctiva and may cause 
severe pain and destructive effects. 

5. Medical Surveillance, o. Personnel to be 
Examined. In accordance with AR 40-46 an in¬ 
dividual whose occupation or assignment may result 
in a significant risk of exposure to potentially 
hazardous levels of optical radiation shall have a 
preplacement medical examination, a termination of 
employment examination, and other examinations 
as appropriate. The following types of individuals 
are considered in this category: 

(1) Those individuals routinely using medium 
power or high power (app C) lasers in any RDTE 
effort, where absolute protective measures are not 
feasible. 

(2) Certain laser equipment, such as tripod- 
mounted, hand-held or airborne laser rangefinders, 
designators, or illuminators may be determined to 
present a sufficient hazard to operators and related 
personnel that such personnel may be required by 
The Surgeon General to be examined. The warning 
page of the technical manual for each laser device 
will indicate which types of user or related personnel 
should be examined. 
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(3) Maintenance personnel routinely working 
with laser rangefinders, illuminators, and 
designators. 

(4) Operators and maintenance personnel 
routinely working with medium power (app C) 
engineering laser transits, geodimeters, and 
alinement devices. 

b. Examination Requirements. The medical 
examination shall be performed by an 
ophthalomologist, and shall include— 

(1) Recording visual acuity with correction (if 
below 20/40, check for improvement with pin-hole 
or ± 0.50D spheres and 0.25D X-cyl). 


(2) Dilating pupil and examining fundus care¬ 
fully. 

(3) Photographing or carefully describing or 
drawing any lesions seen. 

(4) Performing slit lamp examination if the 
individual is potentially exposed to infrared or 
ultraviolet laser radiation. 

6. Protection Standards. A complete listing of 
protection standards for the maximum permissible 
exposure of the eye and skin as specified in AR 40-46 
are provided in appendix A. Protection standards 
commonly required for the evaluation of lasers used 
in military applications are given in table 1. 


Table 1. Protectiin Standards for Typical LASERS 


Type of Laser 

PRF 

Wavelength 

Exposure 

Duration 

Protection standard 
for intrabeam viewing 
by the eye 

Single-Pulse Ruby Laser Rangefinder 
Repetitively Pulsed Ruby 

Single Pulse 

10 Hz 

694.3 nm 

1 ns-18 pS 

5 X 10 —7 J-cm -2 /pulse 

1.6 X 10 —7 J em -2 /pulse 

Laser Rangefinders and 

Designators 

20 Hz 

694.3 nm 

1 ns-18 ps 

1.1 X 10 7 J em 2 /pulse 

Single-Pulse Neodymium Rangefinder 

Single Pulse 

1060 nm 

1 ns-100 pS 

5 X 10 -6 J em -2 /pulse 

Repetitively Pulsed Neodymium 

10 Hz 

1060 nm 

1 ns-100 ps 

1.6 X 10“ 6 J em —2 /pulse 

Rangefinders and 




Designators 

20 Hz 

1060 nm 

1 ns-100 ps 

1.1 X 10 -6 J em —2 /pulse 

' , W Argon Lasers 

CW 

488 nm & 514.5 nm 

0.25 s 

2.5 mW-cm —2 

CW Argon Lasers 

CW 

488 nm & 514.5 nm 

4 to 8 hrs 

1 ^W.cm -2 

CW Helium-Neon Lasers (for 

Alinement, etc.) 

CW 

632.8 nm 

0.25 s 

4 to 8 hrs 

2.5 mW:cm —2 

1 mW.CM ~ 2 

CW Neodymium YAG Laser 

CW 

1064 nm 

100 s-8 hrs 

0.5 mW.cm —2 

Erbium Laser Rangefinder or 

Single Pulse 

1540 nm 

1 ns-1 ix s 

1 J-cm -2 /pulse 

Designator 




Holmium Laser Rangefinder 

Single Pulse 

2010 nm 

1 ns-iOO ns 

10 —■ 1 J.cm —2 /pulse 

CW Carbon-Dioxide Laser 

CW 

10.6 p m 

10 s-8 hrs 

0.1 W.cm —2 

CW Carbon-Monoxide Laser 

CW 

4.7 p m 

10 s-8 hrs 

0.1 W.cm —2 


7. Hazard Evaluation, a. General Procedure. Three 
aspects of a laser application influence the total 
hazard evaluation and thereby influence the ap¬ 
plication of control measures: 

(1) The laser device’s capability of injuring 
personnel. 

(2) The environment in which the laser is used. 

(3) The personnel who may be exposed. 

A practical means for both evaluation and control of 
laser radiation hazards is to first classify laser 
devices according to their relative hazards and then 
to specify approximate controls for each 
classification. The use of the classification method 
will in most cases preclude any requirement for laser 
measurements and greatly reduce the need for 
calculations. This standardized laser classification 
scheme defines aspect 1 — the potential hazard of the 
laser device. Aspects 2 and 3 vary with each laser 
application and cannot be readily included in a 
general classification scheme. The total hazard 


evaluation procedure must consider all three aspects, 
although in most cases only aspect 1 influences the 
control measures which are applicable. 

b. Laser and Laser System Hazard Classification 
Scheme. 

(1) The five hazard classifications are defined by 
the laser output parameters and are specified in 
detail in appendix C. The general classification 
scheme with general hazard control concepts is as 
follows: 

(a) Class I —Exempt (EL) laser devices are 
those not capable of emitting hazardous laser 
radiation under any operating or viewing condition. 

(b) Class II —Low power (LP) laser devices 
are those CW visible (400-700nm) laser devices 
having a total power between 0.4 uW and 1 mW. 
Precautions are required only to prevent continuous 
staring into the direct beam; momentary (< 0.25 sec) 
exposure as would occur in an unintentional viewing 
situation is not considered hazardous. 
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(c) Class III —Medium power (MP) laser 
devices are potentially hazardous if the direct beam 
is viewed by the unprotected eye, but do not (unless 
focused) cause hazardous diffuse reflections. Care is 
required to prevent intrabeam viewing and control 
specular reflections. Most military laser rangefinders 
and designators fall into this category. 

(d) Class IV —High power (HP) lasers are 
those pulsed visible lasers capable of producing 
diffuse reflections or fire and skin hazards, or those 
CW lasers with an output above 0.5 W. Safety 
precautions associated with high power lasers 
generally consist of using door interlocks to prevent 
exposure to unauthorized or transient personnel 
entering the laser facility, the use of baffles to 
terminate the primary and secondary beams, and the 
wearing of protective eyewear and clothing by 
personnel. 

(e) Class V —Enclosed Laser (ES) — As the 
name implies, the laser is enclosed such that 
potentially hazardous optical radiation does not exit 
from the enclosure. 

(2) This classification scheme is identical to 
that used in American National Standards Institute 
“ANSI-Z-136, Safe Use of Lasers, 1973.” This 
classification may already appear on commercial 
laser products manufactured subsequent to the 
adoption of that standard and should be used unless 
the laser is modified to signify change its output 
.power or energy, or unless the laser is enclosed. 

c. Environment. Following laser/system 
classification, environmental factors require con¬ 
sideration. Their importance in the total hazard 
evaluation depends upon the laser classification. The 
decision to employ additional hazard controls not 
specifically required in paragraph 8 for class IT1 ancf 
clas£~_JV— laser ~~ctevTCe dSpends largely ~oh~jm- 
vifonmental considerations . The probability of 
personnel exposure to hazardous laser radiation 
must be considered and is influenced by whether the 
laser is used indoors, such as: in a machine shop, in a 
classroom, in a research laboratory, or a factory 
production line; or outdoors, such as: on a range, in 
the atmosphere above occupied areas, or in a pipeline 
construction trench. Other environmental hazards 
(Para 9) must be considered. If exposure of un¬ 
protected personnel to the primary or specularly 
reflected beam is expected, calculations or 
measurements of either irradiance or radiant ex¬ 
posure of the primary or specularly reflected beam 
(or radiance of an extended source laser) at that 
specific location are required. These detailed 
procedures are discussed in appendix D. 

(1) Indoor laser operations, in general only the 
laser device classification is considered in evaluating 


an indoor laser operation if the beam is enclosed or is 
operated in a controlled area. The following step-by- 
step procedure is recommended for evaluation of 
Class III lasers indoors when this is necessary (since 
there is a potential exposure of unprotected per¬ 
sonnel with this particular class of laser devices). 

STEP 1. Determine the hazardous beam 
path(s). 

STEP 2. Determine extent of hazardous 
specular reflection, as from lens surfaces and beam 
splitters (app D.). 

STEP 3. Determine the extent of hazardous 
diffuse reflections if the emergent laser beam is 
focused. 

STEP 4. Determine is other (non-laser) 
hazards exist (para 9). 

(2) Outdoor laser operations over extended 
distances. The total hazard evaluation of a particular 
laser system depends on defining the extent of 
several potentially hazardous conditions. This may 
be done in a step-by-step manner as follows: 

STEP 1. Determine the nominal hazardous 
range of the laser (app D). The nominal hazardous 
range of standard lasers is established by the US 
Army Environmental Hygiene Agency. 

STEP 2. Evaluate potential hazards from 
specular surface reflections, such as those from 
windows and mirrors in vehicles. Flat surfaces 
present the greatest problem since specular 
reflections retain the high collimation of the original 
laser beam (fig 2 and 3). 

STEP 3. Determine whether hazardous 
diffuse reflections exist if the laser is operating in the 
400-1400 nm band (table 2 app B and example 9, app’ 
D). 

STEP 4. Evaluate the stability of the laser 
platform to determine the extent of lateral range 
control and the lateral constraints that should be 
placed upon the beam traverse. Evaluate need for 
control of evaluation angle. 

STEP 5. Determine the likelihood of per¬ 
sonnel being present in the area of the laser beam. 

(3) Personnel. The individuals who may be in 
the vicinity of a laser and its emitted beam(s) can 
influence the decision to adopt additional control 
measures not specifically required for the class of 
laser being employed. This depends upon the 
classification of the laser device. 

FIRST. If children or others unable to read 
and/or understand warning labels may be exposed to 
potentially hazardous laser radiation, the hazard 
evaluation is affected, and control measures could 
require appropriate modification. 
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A class III medium power laser device requires 
control measures that shall prevent intrabeam 
viewing. A class IV High Power Laser Device 
requires the use of controls which shall prevent 
exposure of the eye and skin to the direct and dif¬ 
fusely reflected beam and the termination of the 
unused beam (s) by fire-resistant backstops. Class V 
Enclosed Laser Devices Eire either class II, class III 
or class IV lasers contained in a protective housing 
and operated in such a manner as to be incapable of 
emitting hazardous radiation from the enclosure. 
Only a stringent control system permits a laser to 
qualify as class V. 

6. It must be remembered that the classification 
scheme given in paragraph 76 relates specifically to 
the laser device itself and its potential hazard, based 
on operating characteristics. However, the en¬ 
vironment and conditions under which the laser is 
used, the safety training of persons using the laser 
and other environmental and personnel factors, may 
play a role in determining the full extent of hazard 
control measures. Since such situations will require 
informed judgements by responsible persons, major 
responsibility for such judgements should be 
assigned to a qualified person, namely a Laser 
Safety Officer. Only properly indoctrinated persons 
shall be designated Laser Safety Officers or be 
placed in charge of class III and IV laser in¬ 
stallations or operations. The complete enclosure of a 
laser beam (an enclosed laser) shall be used when 
feasible. A closed installation provides the next most 
desirable hazard control measure. Following are 
details relating to safe laser operation in: — 

(1) An outdoor environment where adminis¬ 
trative controls often provide the only reasonable 
approach. 

(2) An indoor environment where engineering 
controls should play the greatest role. 

c. Outdoor Laser Installations. 

(1) Class II low power laser devices. The beam 
should be terminated where readily feasible at the 
end of the useful beam path and the laser should not 
be directed at personnel who are not cognizant of 
their illumination. 

(2) Class III and IV lasers. 

(a) Personnel shall be excluded from the 
beam path at all points where the beam irradiance or 
radiant exposure exceed the appropriate Protection 
Standard. This shall be accomplished by the use of 
physical barriers, administrative controls, the use of 
interlocks and by limiting the beam traverse. 

(b) The tracking of nontarget vehicular 
traffic or aircraft, whether intentional or inad¬ 
vertent, shall be prohibited within the calculated 
hazardous distances of class III or IV lasers. 

(c) The beam path(s) shall be cleared of all 
flat specular surfaces capable of producing reflec¬ 
tions that are potentially hazardous, or eye 


protection should be required for all personnel within 
the hazardous area. 

(d) Paragraphs 10 and 11 provide detailed 
guidance applicable to range control of laser 
rangefinders, illuminators and designators. 

(3) Class IV laser. Operation of class IV High 
Power Laser Devices while it is raining or snowing or 
when there is dust or fog in the air should be avoided 
without the wearing of laser protective eyewear by 
personnel within the immediate vicinity of the beam. 
d. Indoor Laser Installations. 

(1) Class IV, High Power Laser Installations— 
Specific Precautions. Pulsed class IV visible and IR- 
A lasers are hazardous to the eye from direct beam 
viewing and from specular and diffuse reflections of 
the laser beam, and are generally also hazardous to 
the skin. Class IV ultraviolet, infrared, and CW 
visible lasers present a potential fire and skin 
hazard. Safety precautions associated with high 
power lasers generally consist of using door in¬ 
terlocks to prevent exposure to unauthorized or 
transient personnel entering the controlled facility, 
the use of baffles to terminate the primary and 
secondary beams, and the wearing of protective 
eyewear and clothing by personnel within the in¬ 
terlocked facility. 

(a) Safety interlocks at the entrance of the 
laser facility shall be so constructed that 
unauthorized or transient personnel shall be denied 
access to the facility while the laser is capable of 
operating. 

(b) Laser electronic-firing systems for pulsed 
lasers shall be so designed that accidental pulsing of 
a stored charge is avoided. The firing circuit design 
should incorporate a “Fail-safe” system in this 
regard. 

(c) An alarm system including a muted sound 
and/or warning lights (visible through laser 
protective eyewear) and a countdown procedure 
should be used once the capacitor banks begin to 
charge. 

(d) Good room illumination is important in 
areas where laser eye protection is required. Light 
colored, diffuse surfaces in the room help to achieve 
this condition. 

(e) Very high energy or high power lasers 
should be operated by remote control firing with 
television monitoring, if feasible. This eliminates the 
need for personnel to be physically present in the 
same room. The enclosure of the laser, the associated 
beam, and the target in a light-tight box is an 
equivalent alternative. 

(f) The principal hazard associated with high 
power CW infrared (such as CO 2 -N 2 ) lasers is the 
fire hazard. A sufficient thickness of earth, firebrick, 
or asbestos should be provided as a backstop for the 
beam. 
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(g) Reflections of far-infrared laser beams 
should be attenuated by enclosure of the beam and 
target area or by eyewear constructed of a material, 
such as Plexiglass which is opaque to laser 
wavelengths beyond 3 ,um. Even dull metal surfaces 
may be highly specular at far-infrared laser 
wavelengths such as 10.6 ^m (CO 2 laser). 

(2) Specific precautions applicable to class III 
medium power CW or pulsed laser systems. These 
lasers are potentially hazardous if the direct beam is 
viewed by the unprotected eye. Care is required to 
prevent direct beam viewing and control specular 
reflections. Eye protection is required if accidental 
intra-beam viewing is possible. 



9. Recognition of Associated Hazards. Depending 
on the type of laser used, associated hazards in¬ 
volved in laser operations may include: 

a. Atmospheric Contamination. Adequate 
ventilation or enclosures shall be employed to 
control: 

(1) Vaporized target material from high energy 
cutting, drilling, and welding operation. Materials 
involved may include carbon monoxide, carbon 
dioxide, ozone, lead, mercury, and other metals. 

(2) Gases from flowing gas lasers or byproducts 
of laser reactions such as bromine, chlorine, 
hydrogen cyanide, and many others. Ozone created 
by laser-produced plasma. 

(3) Gases or vapors from cryogenic coolants. 

(4) Vaporized biological target materials from 
high energy lasers used in biological or medical 
applications. 

b. Ultraviolet Radiation. Either direct or reflected 
UV radiation from flash lamps and CW laser 
discharge tubes shall be shielded. Ultraviolet 
radiation is generally only of concern when quartz 
tubing is used. Personnel shall not be exposed to 
levels of ultraviolet radiation in excess of protection 
standards given in AR 40-46. 

c. Visible and Near-Infrared Radiation. High 
intensity optical pumping systems may present a 
potential retinal hazard and should be shielded. 

d. Electrical Hazards. The potential for electrical 
shock is present in most laser systems. Pulsed lasers 
utilize capacitor banks for energy storage and CW 
lasers generally have high voltage direct current or 
radiofrequency electrical power supplies. Solid 
conductor grounding rods (connected first to a 
reliable ground) shall be utilized to discharge 
potentially live circuit points prior to maintenance. 
Maintenance personnel shall familiarize themselves 
with the safety procedures provided in the main¬ 
tenance manual for the device. 

e. Cryogenic Coolants. Cryogenic coolants may 
cause skin or eye injury if improperly used. 
Examples are: liquid nitrogen, liquid helium, liquid 
hydrogen. 

f. Other Hazards. The potential for explosions at 
capacitor banks or optical pump systems exists 
during the operation of some high-power lasers or 
laser systems. The possibility of flying particles 
from target areas in laser cutting, drilling, and 
welding operations may exist. Explosive reactions of 
chemical laser reactants or other gases used within 
certain laser laboratories is of concern in some cases. 

g. X rays. X rays may be generated from high 
voltage (over 15 kV) power supply tubes. Adequate 
shielding shall be employed. 

10. Simplified Range Control Measures for Typical 
Operations of Laser Rangefinders, Designators and 
Illuminators, a. Limitations. The guidance provided 
deals with range operations in which the laser 


rangefinder designator or illuminator is aircraft-or 
vehicle-mounted, tripod-mounted or hand-held and 
has a hazardous range of at least 1 km. Because of 
the varied characteristics of laser systems in use, 
these guidelines should not be applied to laser 
systems other than those having a beam divergence 
of 1° (17 milliradians) or less. 

b. Background. 

(1) The laser system except for its inability to 
penetrate targets can be treated like a direct-fire, 
line-of-sight weapon, such as a rifle or machinegun. 
Thus, the hazard control precautions taken with 
respect to those types of weapon will provide most 
aspects of the safe environment required for laser 
use. Special control measures for laser use are 
discussed below. 

(2) The hazard from these types of laser devices 
is limited to exposure to the unprotected eye of 
individuals within the direct laser beam or a laser 
beam reflected from specular (mirror-like) surfaces. 
Serious eye damage with permanent impairment of 
vision can result to unprotected personnel exposed to 
the laser beam. 

(3) Essentially, the laser beam travels in a 
straight line, so it is necessary to provide a 
backstop, such as a hill behind the target during 
laser firing. Calculated nominal hazardous ranges 
often extend even beyond 8 kilometers, and the use 
of optical viewing instruments within the beam could 
extend this hazardous range considerably. For this 
reason, and because of atmospheric effects upon the 
beam, the designation of a single ‘‘hazardous range” 
for firing range safety purposes is not feasible for 
most testing and training purposes. 

(4) Every object that the laser beam strikes will 
reflect some energy back toward the laser. In most 
cases, this energy is a diffuse reflection and is not 
hazardous, however, certain shiny reflecting sur¬ 
faces must be avoided as targets to prevent a 
hazardous amount of radiation from being reflected. 
These conditions are described in succeeding sub- 
paragraphs. 

c. Laser Range Safety Officer. A person familiar 
with the range control procedures required for laser 
operations is termed in this bulletin the “Laser 
Range Safety Officer” (LRSO). The LRSO is 
responsible for the following: 

(1) The LRSO will thoroughly instruct all 
personnel authorized to participate in the laser 
operation regarding safety precautions to be 
followed. This instruction should be of such scope as 
to alleviate any fears generated by a lack of 
knowledge that may be harbored by participating 
personnel. 

(2) The LRSO will insure that safe standing 
operating procedures are implemented and will 
establish target areas with buffer zones at least 2 to 5 
mils around the target area as defined by the 
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Figure 4. Surface area danger diagram with area Cadded. 
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Figure 5. Laser range terrain profiles with backstops. 


(5) Barricades and warning signs used to 
prevent personnel from entering a weapon-firing area 
will also be used for that same purpose in con¬ 
junction with laser firing. The additional 
requirements posed by the laser in this regard are to 
mark extended range areas (area C) if one is 
required, and to provide notice (fig 5) at the entrance 
to the range that laser operations are being con¬ 
ducted. 

(6) Flat mirror-like objects having a vertical or 
near-vertical surface must be removed from the 
target area between 0 and 1000 meters from the 
firing point farthest downrange to prevent eye injury 
from a reflected laser beam. Generally, those sur¬ 
faces in which a reflected image can be ovserved 
should be removed, but the object may be covered or 
painted with lusterless paint if it cannot be removed. 
Flat mirror-like objects in the sense of this provision 
are: 

(a) Mirrors. 

(b) Chrome-plated metal. 

(c) Panes of glass or plastic (e. g., Lucite or 
Plexiglass). 

(7) Beyond 1000 meters range, only clearly 
visible reflective objects need to be removed if the 
beam divergence is less than 0.6 milliradian. 
However, the laser range finder should not be in¬ 
tentionally fired at highly reflective surfaces at any 
range. 


(8) The target material may be of any surface 
that does not meet the description in f (6) above. 
Cloth, cardboard, wood and lusterless metal of any 
size and color are acceptable as targets for laser 
firing. 

(9) To prevent potential hazards to unprotected 
personnel from diffuse reflections, some laser devices 
should not be fired at any surface located within a 
range of 10 meters from the laser. Precautions such 
as the removal of brush and trees necessary to 
prevent this should be taken. 

(10) The filters and protective goggles that 
have been developed for use with lasers are not 
required for training exercises when all personnel 
outside of the target area comply with the provisions 
of this bulletin. Persons who must be in the target 
area must wear laser protective eyewear with curved 
protective lenses. 

(11) An opaque dust cover or ballistic cover 
shall be in place whenever the laser device is removed 
from the range. 

o. Laser Operations from Aircraft. These 
guidelines apply to operation of airborne laser 
rangefinder and designators aimed at ground targets 
which can cause ocular injury to ground personnel 
observing the laser source directly, or indirectly by 
specular reflection, at most operational altitudes. 

(1) It is generally desirable to clear the target 
area of flat specular surfaces. The pilot of the aircraft 


707 





assigned to fly the firing area will be instructed to 
visually check for possible specular items before 
laser operation by noting the location of standing 
water and the position of vehicles and buildings 
which may contain glass. 

(2) Laser protective eyewear with curved filter 
lenses will be made available for personnel required 
to be in the vicinity of the target area during laser 
operation. The safety goggles will provide an optical 
density appropriate for the operation at the laser 
wavelength. For devices having an output energy 
pulse less than 0.1 joule, an optical density of six is 
adequate. 

(3) The use of laser eye protection by air crew 
personnel which reduces vision shall be discouraged; 
other hazard controls should be utilized instead. 

(4) The installation surgeon will be notified 
prior to laser operations so that personnel required to 
receive a thorough ophthalmological examination 
prior to working with the laser, as outlined in 
paragraph 5, can receive such examinations. 

(5) The flight crew will take all precautions to 
insure that the laser is fired only at designated 
targets. 

(6) All ground personnel must be instructed to 
assume that the laser is in operation at all times 
whenever the aircraft is firing on targets or is above 
an active range. 

(7) The officer in charge or operator will insure 
that the laser system is secured and unable to fire 
when the aircraft is in some location other than an 
authorized firing site. 

(8) The Laser Range Safety Officer and local air 
traffic control will assure that adequate danger zones 
are established and that strict control of traffic is 
maintained as necessary. Normally, a Range Control 
Office is responsible for coordinating the mission 
with other activities within the laser operational area 
and for furnishing all required information to control 
tower operators and unauthorized ground control 
stations associated with the mission. The LRSO is 
responsible for thoroughly briefing all pilots prior to 
their engaging in any mission within the danger 


area, the briefing to include geography of the area, 
access and exit routes, limits of flight pattern, radio 
frequencies to be employed and applicable local 
procedures. Whenever practicable, each pilot 
assigned to a training mission will make a dry run 
prior to the mission in order to become acquainted 
with the prescribed course and the test area. 

(9) Do not initiate laser operation at ranges 
where a 5 mil buffer zone will not exist on all sides of 
the target within the government controlled 
property area. 

p. Hangar, Garage, and Maintenance Shop 
Procedures. 

(1) All testing performed in shop areas will be 
strictly controlled with barriers and signs. 

(2) Firing of the laser in shop areas should be 
into a light-tight box expressly designed to contain 
all of the laser output where feasible. 

(3) The maintenance officer will insure that the 
number of operating personnel on the site for testing 
does not exceed that necessary to accomplish the 
task safely and efficiently. Transient personnel are 
restricted to those having an official interest in the 
test and must be cleared by the maintenance officer. 

(4) Check tests requiring laser operation over 
an extended distance (i.e., 100 m to 1000 m) may be 
conducted in occupied areas only under strict 
controls to insure that the beam can only travel 
along a tightly controlled path defined by a beam 
aperture located at 1 m and 10 m from the laser (fig 
6 ). 

11. Personnel Protective Equipment, a. Personnel 
whose occupation or assignment require exposure to 
laser beams should be furnished through local 
procurement supply channels suitable laser safety 
goggles which will protect for the specific 
wavelength of the laser and be of optical density 
(O.D.) adequate for the energy involved. Table 2 lists 
the maximum power, energy, irradiance or radiant 
exposure for which adequate protection is afforded 
by filters of optical densities from 1 through 8. Eye 
protection should have curved lenses to reduce 
specular reflection hazards. 
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Table 2. Simplified Method for Selecting LASER Eye Protection for Intrabeam Viewing for Wavelengths 

Between 200 and 1400 nm 































b. Needless exposure of the skin of personnel 
should be avoided. When the hands or other parts of 
the body must be exposed to potentially hazardous 
levels, protective coverings, gloves, or shields shall 
be used. The face should be turned away from the 
target area. Laser welding and cutting facilities 
should have sufficient shielding surrounding the 
article being welded. 

c. Impervious, quick removal gloves, face shields, 
and safety glasses should be provided as protection 
for personnel who handle the extremely low tem¬ 
perature coolants which may be used in higher 
powered lasers. 

12. Requests for Technical Assistance and Accident 
Reporting. The Surgeon General, Department of the 
Army, is responsible for evaluating potential health 
hazards to personnel operating, testing, or otherwise 
associated with lasers. Activities should request 
assistance in evaluating these hazards from: 


a. Accident Reporting. Accident reporting should 
be in accordance with AR 385-40, chapter 11. 

b. Technical Assistance. The services of the US 
Army Environmental Hygiene Agency, Aberdeen 
Proving Ground, MD 21010, are available upon 
written request (through appropriate command 
channels) to Commander, US Army Health Services 
Command, ATTN: HSC-PA-H, Ft Sam Houston, 
TX 78234. 

c. Biological Data. The USAMRDC/AMC Joint 
Laser Safety Team, Frankfort Arsenal, con¬ 
ducts research and development to obtain data on 
the bio-medical effects of laser radiation. Biological 
research data required for the safety evaluation of 
new types of lasers is available to development 
agencies upon written request to: Chief, 
USAMRDC/AMC Joint Laser Safety Team, W- 
1000, Frankfort Arsenal, PA 19137. 
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APPENDIX E 


WARNING SIGNS AND LABELS FOR LASERS 

1. SCOPE. The guidance provided is based upon the laser classification 
system. 

2. GENERAL. Warning signs shall be conspicuously posted at access 
points to potentially hazardous laser areas in accordance with local standing 
operating procedures for Class III medium and Class IV high power lasers. 

A warning label shall be prominently affixed to the laser or laser 

system housing for all Class II low, Class III medium, and Class IV high 
power laser devices. 

3. FORMAT. Examples of various laser signs and labels are shown in 

figures 1 through 6. Warning signs and labels shall use the word "CAUTION" 
for Class II low power laser devices and Class IHA medium power CW 2 

visible lasers having a maximum emergent beam irradiance of 2. 5 mW/cm 
averaged over a 7 mm aperture and an output power between 1 and 5 mW. 
Warning signs and labels shall use the word "DANGER" for Class IHB medium 
and Class IV high power laser devices except as noted above. Warning signs 
and labels should include other pertinent information including the type 

of laser and appropriate control measures to insure personnel safety. 
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Figure 1. Example of Warning Label for a Class II Low Power Laser Device. 




He—Ne LASER 

DO NOT STARE INTO BEAM 
OR VIEW DIRECTLY WITH 
OPTICAL INSTRUMENTS 


Figure 2. Example of Warning Label for a Class IIIA 
Medium Power Laser Device. 
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He—Ne LASER 


DO NOT LOOK INTO BEAM ^ 
OR POINT A T MIRROR-LIKE 
SURFACES -- 


Red 

Black 


Black 
bet: t<-r 


Figure 3. Example of Warning Label for Class III B Medium or 
Class IV High Power Laser Devices. 


(MNGE^) 



RUBY LASER 


DO NOT LOOK INTO BEAM 
OR POINT AT MIRROR-LIKE 
SURFACES 


Figure 4. Example of Warning Label for Class III B Medium or Class IV 
High Power Laser Devices. 
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DANGER 


__ 



NEODYMIUM 

LASER 


DO NOT LOOK INTO BEAM 
OR POINT AT MIRROR-UKE 
SURFACES 


Figure 5. Example of Warning Label for Class III B Medium or 
Class IV High Power Laser Devices. 




Red 
Symbol 


GO 2 LASER 


Red 

Black 


10 inche 


Black 

.Letters 


14 inches' 


Figure 6. Example of Warning Sign for a Class III B Medium 
or Class IV High Power Laser Devices. 
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b. It is far removed in frequency from the ionizing radiation 
class of X-rays ( 10-*-° MHz) and gamma rays (10^3 MHz). 
Consequently, microwave radiation has never been observed 
to cause ionization and is classified as "non-ionizing" 
radiation. 

c. An important consideration is the combined effects of heat¬ 
ing and penetration on a biological system such as the 
human body. Microwave radiation produces electrical and 
magnetic forces and generates heat. The heat and forces 
may, if sufficiently intense, have profound effects. 

Although these effects can be used to good advantage, they 
are potentially dangerous and must be given careful con¬ 
sideration. 

Biological Aspects. 

a. Microwave radiation does not cause ionization, but causes 
excitation of atoms with resultant production of heat. The 
depth of heating is frequency-dependent. Refer to Table I. 

b. Biological experimentation indicates a temperature rise 
when heating is produced by sufficient absorption of micro- 
wave energy. The rate of temperature rise is dependent 
upon the quantity of the absorbed radiation and the ability 
of the experimental animal to dissipate heat. As the animal 
reaches a point where it can no longer compensate for and 
dissipate the heat generated, the animal will die if 
radiation is continued. If the radiation ceases before the 
heat control mechanism breaks down, the animal will recover 
with no demonstrable residual effects. A similar sequence 
can occur in man but there is no assurance that the values 
for animals will apply to man due to the difference in heat 
control mechanisms. 

c. Man has a much more complex and efficient heat control 
and heat dissipation mechanism than the experimental 
animal. Experimentally when man has been exposed to 
100 mW/cm , his temperature will actually fall while 
there is a definite rise in that of the animal. Thus, the 
quantity of absorbed energy required to produce changes 
in man is probably higher than that in animals. 



d. Most Susceptible Parts of the Human Body. 

(1) Testicle. A change of a few degrees will cause 
cessation of sperm production. When radiation is 
removed, the effect ceases and sperm production 
is resumed. 

(2) Lens of the eye lacks an efficient circulating system, 
thus it cannot dissipate heat as readily as the rest 
of the body. If there is enough cellular destruction 
of the eye lens, clouding (cataracts) occur. 

TABLE I 


BIOLOGICAL EFFECTS OF MICROWAVES 


Frequency 

(MHz) 

Wave Length 
(cm) 

Site of Major 
Tissue Effects 

Major Biological 

Effects 

Less than 150 

Above 200 


Body is transparent 
to waves above 200 cm 

150 - 1,200 

200 - 25 

Internal body 
organs 

Damage to internal 
organs from overheating 

1,000 - 3,300 

30 - 10 

Lens of the eyes 

Lens of the eye partic¬ 
ularly susceptible and 
tissue heating 

3,300 - 10,000 

10-3 

Top layers of the 
skin, lens of the 
eye 

Skin heating with the 
sensation of warmth 

Above 10,000 

Less than 3 

Skin 

Skin surface acts as 
reflector or absorber 
with heating effects 


NOTES: 

1. Biological effects listed above result from short massive or pro¬ 
longed repeated direct exposure exceeding safe limits. 

2. Depth of penetration in human body = 

10 
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e. Unexplained effects, other than thermal, have been reported, 
e.g. ,' "pearl-chain" effect in body fluids, nausea in man due 
to radiation fields below thermal effects; however, these 
effects have no application to man in the area of microwave 
hazard. 


4. Exposure Criteria. 

a. Historically, a single death attributed to microwave has been 
reported. A radar worker died from "cooked liver"; however, a 
careful review of the data raises some doubt whether the death was 
attributable to microwave exposure. There is no question, though, 
that microwaves are capable of producing serious and even fatal 
effects . 

b. Until 1965-66 both the military and private industry have limited the 
exposure of personnel to microwc^e radiation to power density 
levels no greater than 10 mW/cm , The maximum permissible 
exposure level was the same regardless of the duration of the 
exposure. The increasing power output levels in newer microwave 
systems and certain tactical requirements of the military had 
combined to make this limit difficult to maintain. Therefore the 
previous accepted maximum permissible exposure of 10 mW/cm^ 
for continuous exposure was modified and new criteria adopted 
which equates higher exposure levels with time of exposure. 

The United States Army and Air Force and the C-95 committee of the 
American National Standards Institute have adopted new standards 
which relate the level of exposure to the time duration of such 
exposure. The ANSI standard allows exposures up to 1 mW/cm 
for any 0. 1-hour period. The Army - Air Force allows exposures 
exceeding 10 mW/cm^ to be based on the following equation 


Where: 


Tp 


6000 
W 2 


Tp = permissible exposure time in minutes during any 1-hour 
period. 
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W = power density in the area to be occupied (mW/cm^). 

It should be noted that the ANSI standard gives no upper limit as 
to power density, while the military regulations allow no exposure 
above 100 mW/cm^. Areas where power densities greater than 
100 mW/cm^ exist are considered hazardous and designated as 
denied occupancy areas. 

c. It is interesting to note that USSR in I960 reported the^r 
maximum permissible exposure level as 0.01 mW/cm if 
exposure is for an entire day. They reported a number of 
general effects due to chronic exposure: slowing of the 
heart, hypertension, superthyroidism, exhaustion of the 
central nervous system, and other s . 

5. Protection. 

a. Adequate planning and facility layout to preclude exposure to 
more than 10 mW/cm^. Whenever possible, a preliminary 
survey should be made while feeding the system with a low 
power source. This will allow location of concentrated power 
densities. If these areas cannot be shielded, suitable signs 
should be posted. 

b. Suitable instruments to monitor levels of microwave output. 

As an expedient, the NE-2 neon tubes can be used. Neon 
tube will fluoresce with power density of approximately 

20 mW/ cm . 

c. Protective goggles with proper wavelength protection and 
with proper optical density. Protective eyewear is available 
from several commercial sources. 

d. Protective clothing is used by radar workers who work in 
high power R-F environment. The clothing incorporates a 
continuous metallic material, which acts as a reflector to 
the microwave. 
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II. Lesson Objectives and Notes 


A. Objectives: 

1. Knowledge of the nature of microwave radiation and its sources. 

2. Knowledge of microwave mechanism of damage and resulting physio¬ 
logical effects. 

3. Knowledge of military and civilian exposure criteria. 

4. Proper monitoring for any excessive microwave radiation and 
protective measures required. 

B. Notes: 
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Notes 


r 


722 



RADIATION PROTECTION 
OFFICER CASE STUOIES 


I 

I 

I 

I 


DF470 





DF470, Radiation Protection Officer Case Studies 


I. Reference: None 

II. Discussion: None 

III. Handouts: See attached handouts. 

IV. Problems: None 

V. Solutions: None 
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RADIOLOGICAL PROTECTION OFFICER CASE STUDIES 


GENERAL SITUATION: 

Upon completion of the Radiological Safety Course at Aberdeen Proving 
Ground, Maryland, you have been assigned as Post Radiological Safety 
Officer at Camp Swampy, Louisiana. Camp Swampy is a medium sized 
post with a troop training mission. Assigned to the post besides the training 
commands are an infantry division and various logistics and supply units. 

When you arrive at Camp Swampy, you meet with the outgoing RPO, 

MAJ Goodtime. You do not get a chance to talk in detail about the Radio¬ 
logical Safety Program on post because MAJ Goodtime is catching a plane 
in 1 hour. He does introduce you to your staff and shows you the Radio¬ 
logical Safety SOP which he was developing. 

The next day, while talking with your operations NCO, you discover that 
MAJ Goodtime did not push his Radiological Safety Program. 
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SITUATION NO 1 


Mr. Diddle, chief warehouse clerk to the Post Supply System, has just 
called you. He has just received a shipment of 1,300 compasses. He noticed 
a number of broken and missing lenses. He has been calling people all 
morning about the compasses and you are the tenth person to whom he has 
talked. So far, nobody has been able to tell him what to do. He is relatively 
new in his job, has never handled radioactive materials, and knows nothing 
of the safety procedures involved. When you go to the warehouse you notice 
in the room with the compasses is the entire supply of photographic film for 
the Post Signal Center's photographic facility. What actions do you now take? 
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SITUATION NO 2 


In January, 1969, Unit_requested disposition instructions for three 

radiac AN/PDR-27(J) sets through supply channels. Reply to this request 
was for the unit to turn in the items to the Post Consolidated Supply which 

in turn was to ship the items to depot_. It is now 

February, 1970, you have been working on the leak test report to submit to 

CONARC. You notice that Unit_is 11 months overdue on a wipe test 

for three of their MX 1083 check sources. Upon contacting the unit, you find 
that the supply clerk in the unit thinks that the items were turned in. As 
RPO, what do you do, since you still have this source charged to your in¬ 
stallation ? 
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SITUATION NO 3 


You have just received a call from the Post Consolidated Supply and were 
informed that they had a TS-784 radiac calibrator sitting in their warehouse 
They ask you what to do with it. Upon investigating, you determine that the 
item has been on post for the past 70 days. You also notice that one corner 
of the cardboard box shipping container is damaged. As RPO, what do you 
do about this situation? 
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SITUATION NO 4 


The chief of the Electronic Maintenance Division, Post Maintenance 
Directorate, just called you on Monday morning and informed you that one 
of his employees had put his film badge next to the source of one of the 
TS-784 radiac calibrators on Friday at the close of business and that the 
badge had remained adjacent to the source all weekend. As RPO, what do 
you do ? 
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SITUATION NO 5 


A temporary employee at the Post Central Storage Warehouse was involved 
in the movement of a shipment of lensatic compasses. When the film badges 
were developed, it was discovered that the man received a significant dose 
of radiation. The man, at this time filed for compensation, because of his 
high dose exposure. You as RPO have been notified. What action do you 
take ? 
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SITUATION NO 6 


You have just received a telephone call from an Army Reserve unit located 
about 200 miles from your installation. They desire to borrow 
15 AN/PDR-27's from you to use in a CBR school they are conducting. 
They desire the complete set, including the MX7338 check source. What 
do you do as RPO? 
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SITUATION NO 7 


The hospital safety officer has called you and requested instructions on 
how to procure a radium source for the hospital. He also requests informa¬ 
tion on storage and handling of the source. The hospital has never used 
radium sources in treatment. What information do you give? 
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SITUATION NO 8 


Unit_has been on a field training exercise. Upon returning to 

garrison the comrao maintenance NCO reported that the MX7338 from one 
of his AN/PDR-27 radiac sets was missing. A search of the area failed to 
turn it up. You have been notified. As RPO, what do you do? 
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SITUATION NO 9 


During a wipe test of a TS-784 radiac calibrator by one of the workers 
at the Post Signal Maintenance Facility, a cotton swab and about 1 inch 
of the stick were broken off inside the source port. You have been asked 
to render assistance in this matter. What action do you take? 
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SITUATION NO 10 


The installation hospital has turned in to the Post Consolidated Supply an 
item for disposal. The item is an adaptometer, radioactive plaque (used to 
test night vision of pilots). According to TB 750-237, Identification and 
Handling of Radioactive Items in the Army Supply System, this device 
contains 4.5 Uc of ^^Ra. You determine that this is a type II item. The 
item was packaged up and disposition instructions requested in accordance 
with AR 755-15. You had packaged the item as an exempt quantity; however, 
upon receiving the disposition instructions, you noted that APG-EA specified 
that the item should be packaged in a specification 19B package. As RPO, 
what action do you take? 


* 
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SITUATION NO 11 


A service school is located on your installation. After a group of students 
departed, maintenance personnel were cleaning out student wall lockers and 
an MX 1083 check source was found. The source stick was broken in half. 
You have been notified of this event. As RPO, what action do you take? 
What do you do if the source is leaking? 
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SITUATION NO 12 


Your installation contains a research facility that utilizes radioisotopes in 
bulk quantities. One day you notice a truck from a commercial trucking 
firm delivering a shipment of 4 curies of 82]3 r> The truck has no signs on 
it identifying it as carrying radioactive material. The driver has no special 
instructions telling him what to do in an emergency. For example, what 
action to take in case he has an accident. As RPO, what action do you take? 



SITUATION NO 13 


You received a call from the range officer. He states that two hunters found 
what looks like an ammunition igloo surrounded by barbed wire with radio¬ 
active material signs posted around it. Upon investigating the igloo, you 
find that it was an old storage area for radioactive material. Inside you 
find numerous isotopes which cannot be identified by markings. The only 
equipment available to you at your installation is the AN/PDR-27. What 
action do you take? Your installation has multiple radiation sources but no 
NRC license (no Isotope Committee). 
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SITUATION NO 14 


One of the tenant units on post, the 54th Infantry Division, currently has 
three TS-784A/PD radiac instrument calibrators. The only individual in the 
division who is qualified to sign for the calibrators from Lexington Army 
Depot is the 21st Maintenance Battalion assistant S3, a Chemical Corps 
first lieutenant. He has just called and informed you that he is on orders to 
Germany and will be leaving post in 10 days. The only other person on post 
qualified to sign for the calibrators is yourself. The 21st Maintenance 
Battalion is currently doing all the calibration for the entire post. What 
actions do you take? 
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SITUATION NO 15 


During your annual physical yesterday you had a chest X-ray at the post 
hospital. You noticed the X-ray room did not look quite right and upon 
closer inspection and comparison with TB Med 62, you determined that it 
did not meet the necessary safety requirements. You immediately went to 
see the hospital radiologist who refused even to discuss the X-ray facilities 
with you. You then went to the hospital commander. He said he did not 
agree with you, that in his opinion the X-ray room was perfectly safe. He 
could not even remember ever seeing a copy of TB Med 62. He said there 
was too much of a demand for the X-ray machine for him to even consider 
shutting it down. With that statement, he decided the conversation was over, 
and you left his office. What actions do you take? 


739 



SITUATION NO 16 


SGT Williams from the Post Signal Center has just called you regarding 
radioactive electron tubes. Up to now, the signal personnel have simply 
been throwing burned-out tubes in with ordinary trash. This morning a 
newcomer to the Signal Center mentioned that he had been told in maintenance 
school that all radioactive material had to be disposed of separately. SGT 
Williams talked to the Post Signal Officer who told him to call you for advice. 
What actions do you take? 
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SITUATION NO 17 


The post safety director read an article in a newspaper about a watch 
repair facility in one of the major cities being contaminated with radioactive 
material. He requested that you make a survey of the post watch repair 
facility to be sure it was not contaminated. Upon performing your survey, 
you found that the shop was indeed contaminated. All the drop cloths, table 
tops, floors, and storage cabinets were heavily contaminated with radium 
which had been deposited from watches over the years. As RPO, what action 
do you take ? 
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SITUATION NO 18 


You have just received a call from the Civilian Personnel Office on your 
installation and were told that a DAC employee had filed a suite for damages 
against the Government. The DAC claims that he has skin sores and lesions 
on his hands and fingers caused by radiation exposure he obtained while 
working as a member of the Electronics Branch, Post Maintenance 
Directorate. Your installation now holds two NRC licenses and an ionizing 
radiation control committee has been formed. As RPO, what do you do? 
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SITUATION NO 19 


You have just received a call from the Post Safety Director's office. The 
message was that the post property book officer, a civilian, while 
inventorying the items in his property book, had found a metascope locked 
in a safe in one of his warehouses. The device had a radiation symbol on it 
and the isotope was ^Sr. Quantity was not marked; however, the date of 
manufacture was marked as 1945 and a leak test label had a date of 1955 
on it. As RPO, what action do you take? 
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SITUATION NO 20 


One day while visiting the Post Signal Calibration Facility, you observed 
19 AN/PDR-27's setting on a table in the shop waiting for calibration. You 
also noticed that many of the radiac sets did not have the MX 7338 check 
sources attached to the sets' carrying cases by a cord or chain. As RPO, 
what action do you take? 
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DF480, Accelerators 


I. References: Accelerators, USAEC Division of Technical Information 

Pamphlet 

II. Lesson Objectives and Notes: 

A. Nature of operation of most common types of accelerators. 

B. Special hazards of accelerators. 

C. Jurisdictional agencies involved in accelerator safety. 

D. Publications governing accelerator safety. 

Notes: 
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Notes: 
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Notes 
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Notes 


III-, H&ndouts: 
XV;, problems: 
V% 


None 

None 


Sfriutlonsi* None* 



NUCLEAR ACCIDENT CONTROL 
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DF490, Nuclear Accident Control 


I. Reference: 

Skim FM 3-15; ST 3-155, Table 1-2. 
II. Objectives and Notes: 

A. Control Responsibility. 

B. Actions to be taken. 

C. Special Teams. 
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Notes: 



IN CONTAMINATION. 


2 • USE ALL POS! 
SPREAD OF CO 






3 - CLEAN WOUNDS VERY 

DEBRIDEMENT MAY BE ADVISABLE. 


4 - MEDICALLY, PATIENT SHOULD BE HANDLED 
LIRE ANY OTHER CASE. 


nr 

VI 


IGTOil 25, D. C, 


tiOlB. Tog stm is 3" x 5" caul aifh i/ite 
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III. Handouts: 


1. Definitions. 

a. A nuclear accident is an unexpected event involving a nuclear 
weapon or component, resulting in any of the following: 

(1) Loss or serious damage to the weapon or component. 

By serious damage we mean damage sufficient to render a 
nuclear weapon or component unsafe or nonoperational to 
an extent which requires major rework or complete replace¬ 
ment. 

(2) Nuclear or non-nuclear detonation of the weapon. 

( 3 ) Radioactive contamination. 

(b) Public Hazard. 

A public hazard is defined as a condition wherein there 
exists a certainty that the civilian community will be 
adversely affected. 

b. A n uclear incident is an unexpected event involving a nuclear 
weapon, training weapon or component resulting in occurrences 
whereby the possibility of detonation or radioactive contami¬ 
nation is increased, but which does not constitute an accident. 
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Radiation Hazard Card Handout 


EMERGENCY 

THIS AREA PROBABLY CONTAINS RADIOACTIVE 
CONTAMINATION 

Follow my directions to the radiation 
control point where you will he given 
further instructions. 


Note: 


3" x 5" card 
White background 
Red lettering 
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TRAFFIC CONTROL INSTRUCTIONS 

THIS ACCIDENT MAY HAVE CAUSED RADIOACTIVE CONTAMINA¬ 
TION IN THE LOCAL AREA. YOU ARE REQUESTED TO DETOUR 
AROUND THIS AREA. IF YOU PROCEED AT YOUR OWN RISK: 

1. Keep all windows and vents closed. 

2. Proceed without stopping. 

3. Wash vehicle thoroughly at first opportunity. 


Note: 


3" x 5" card 
White background 
Red lettering 

IV. Problems: None 

V. Solutions: None 
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MANAGEMENT OF RADIATION 
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DF510, MANAGEMENT OF RADIATION ACCIDENTS 


I. Reference and Discussion. 

A. Reference: None 

B. Discussion: 

1. Radiation Accident. 

The unexpected occurrence in a sequence of events which produces 
injury, death, radiation exposure, or property damage. 

2. Radiation Incident. 

The unexpected release or loss of control of radioactive material 
either sealed or unsealed to the environment. 



ENVIRONMENT 


4. Host Influen ce d by 


a. 

Conditions 

a. 

Age - old and young 

b. 

Senses 

b. 

Illness and disease 

c. 

Motor skills 

c. 

Alcohol and drugs 

d. 

Psychological 

d. 

Living conditions 

e. 

Stresses 

e. 

Training 


5. Environmental Factors. 

a. Temperature 

b. Humidity 

c. Lighting 

d. Housekeeping 

e. Toxic material 

6. Agents (radioactive material). 

Identification of the agents is essential. It will influence 
all aspects of control and emergency situations. 

7. Objectives of Incident Control Planning. 

a. Prevention of the incident or accident. 

b. Minimizing the effects of an incident or accident. 

c. Controlling the incident or accident. 

d. Restoration measures. 
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8. Incident Control Planning. 

a. Preplanning in facility design. 

b. Periodic review of techniques, equipment, and operations. 

c. Review of all new proposals, techniques, and equipment. 

d. Training and educational programs in all aspects of safety. 

9. Minimizing the Effects of the Accident or Incident. 

a. Lifesaving measures. 

1. Equipment for lifesaving. 

2. Maximum allowable exposure for lifesaving. 

b. Evacuation plans. 

c. Clear-cut organizational responsibilities. 

d. Countermeasure to prevent large scale contamination of the environment. 

10. Controlling the Incident or Accident. 

a. Trained individuals with necessary instruments. 

b. Accessory equipment. 

c. Established communication system. 

d. Up-to-date list of agencies which could provide assistance. 

11. Restoration Measures. 

a. Decontamination teams and equipment. 

b. Disposal procedures. 

c. Contamination guidelines. 


NOT A VU-GRAPH 

Reports Required by Federal Law - immediate, 24-hour, 30-day. 

1. Loss or theft of source - immediate to NRC Regional Compliance Office 
by telephone or telegraph if the loss appears to the licensee that a 
substantial hazard may result to persons in unrestricted areas. 

2. Follow-up report for loss or theft within 30 days of the initial report. 
Send to Director, Division of Compliance, USAEC, Washington, D. C 
20545, with a copy to the Director of the' appropriate NRC Regional 
Compliance Office. 
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12. Report Information of 30-day Follow-up on Loss or Theft. 

a. Description of the licensed material involved. 

b. Description of the circumstances under which the loss or theft 
occurred. 

c. Statement of disposition or probable disposition of licensed material 
involved. 

d. Radiation exposure to individuals. 

e. Recovery actions. 

f. Preventive measures to eliminate other occurrences. 


NOT A VU-GRAPH 

Subsequent to filing the written report, the licensee shall report any sub¬ 
stantive additional information which he may receive, within 30 days after 
he learns of such information. 

Any report filed for the above listed reason shall be so prepared that names 
of individuals who may have received exposure to radiation are stated in a 
separate part of the report. 


13. Immediate Notification. 

a. Exposure. 

(1) Whole body - 25 rems or more. 

( 2 ) Skin of whole body - 150 rems or more. 

( 3 ) Feet, ankles, hands or forearms - 375 rems or more. 

b. Release of radioactive materials. Concentrations averaged over 24 
hours which would exceed 5000 times limits in App B, Table II. 

c. Loss of one working week of operating facility. 

d. Damage in excess of $100,000. 

14. Twenty-four Hour Notification. 

a. Exposure. 

(1) Whole body - 5 rems or more. 

(2) Skin of whole body - 150 rems or more. 

( 3 ) Feet, ankles, hands or forearms - 75 rems or more. 

b. Release of radioactive materials. Concentrations averaged over 24 
hours which would exceed 500 times limits in App B, Table II. 

c. Loss of one day or more of the operating facility. 

d. Damage to property in excess of $1,000. 
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15. Thirty-day Report. 

a. Each exposure to radiation or concentration in excess of any limits 
or license held. 

h. Any incident for which notification is required. 

c. Levels or concentrations in an unrestricted area in excess of ten 
times any applicable limits set forth. 


NOT A VU-GRAPH 

Report must contain - 

a. Extent of exposure to persons to radiation or radioactive material. 

b. Levels or concentrations of material involved. 

c. Cause of the exposure, levels, or concentrations. 

d. Corrective steps taken or planned to assure against a recurrence. 


NOT A VU-GRAPH 

If a licensee must submit a report on an individual to radiation or concentra¬ 
tions of radioactive material, the licensee shall also notify such individuals 
of the nature and extent of the exposure. The notice shall be in writing and 
shall contain the following statement: 

"This report is furnished to you under the provisions of the NRC 
regulations entitled 'Standards for Protection Against Radiation' 

(10 CFR Part 20). You should preserve this report for future 
reference." 

16. Army Regulations on Accident/incident Reporting. 


a. 

AR 385-40 

f. 

AR 755-15 

b. 

AR 385-IO 

g. 

AR 40-14 

c. 

AR 385-14 

h. 

AR 700-63 

d. 

AR 55-55 

i. 

AR 700-52 

e. 

AR 700-64 

J • 

AR 50-2 


k. Other regulations concerning release of accident information, fire, 

marine accidents, legal and other aspects are referenced in AR 385-40. 
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II. Lesson Objectives and Notes. 

A. Objectives: 

1. Define and explain radiation accidents and radiation incidents 
involving non-weapons radioactive material. 

2. State the causes of accidents/incidents and explain each of 
these causes as to influencing factors. 

3. State the guidelines for an emergency plan. 

L. Make all accident reports required (both Federal and military). 

5 . As RPO, handle in a safe, expeditious, efficient manner, any 

radiation accident which may occur at the RPO's facility. 

B. Notes: 


III. Handouts: See attached handouts. 

IV. Problems: None 


V. Solutions: None 



EXTRACT FROM NRC OPERATING HANDBOOK 
STANDARDS FOR RADIATION PROTECTION 

III. GUIDANCE FOR EMERGENCY EXPOSURE DURING RESCUE AND RECOVERY ACTIVITIES 

A. Purpose . 

The emergency action guidance promulgated in this part provides instruc¬ 
tions and background information for use in determining appropriate actions 
concerning the rescue and recovery of persons and the protection of health 
and property during periods of emergency. 

B. General Considerations . 

1. The problem of controlling exposure to radiation during rescue and 
recovery actions is extremely complex. Performing rescue and re¬ 
covery operations require the exercise of prompt judgment to take 
into account multiple hazards and alternate methods of accomplishment. 
Sound judgment and flexibility of action are crucial to the success 

of any type of emergency actions. Although the guiding principle is 
to minimize the risk of injury to those persons involved in the 
rescue and recovery activities, the control of radiation exposures 
should be consistent with the immediate objective of saving human 
life, the recovery of a deceased victim, and/or protecting of health 
and saving of property.* 

2 . To preclude the possibility of unnecessarily restricting action that 
may be necessary to save lives, these instructions do not establish 
a rigid upper limit of exposure but rather leave judgment up to 
persons in charge of emergency operations to determine the amount of 
exposures that should be permitted to perform the emergency mission. 

3. The official in charge must carefully examine any proposed action 
involving further radiation exposure by weighing the risks of radia¬ 
tion results, actual or potential, against the benefits to be gained. 
Exposure probability, .'biological consequences related to dose, and 

the number of people involved are the essential elements to be evaluated 
in making a risk determination. 

4. These instructions recognize that accident situations involving the 
saving of lives will require separate criteria from that of actions 
required to recover deceased victims or saving of property. In the 
latter instances, the amount of exposure expected to be received by 
persons should be controlled as much as possible within occupational 
limits. 

*The determination as to whether radiation dosage received in emer¬ 
gency actions will be chargeable to the radiation exposure status 
of the persons will be made on an individual basis. 
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c. 


Field Office Managers in Accordance with Subsection 0524-03*+ . 


1. Shall review and approve emergency plans for rescue and recovery 
operations. 

2. May authorize contractors to take all appropriate measures in 
emergency situations. 

3. Normally shall not allow the recovery operation personnel to exceed 
the occupational exposure standards specified in part I and annex I 
of this appendix for the recovery of deceased victims; however, in 
special circumstances may approve a waiver of these limits. 

D. Emergency Situations . 

Specific dose criteria and judgment factors are set forth for the three 
categories of risk-benefit considerations, i.e., actions involving the 
saving of human life, the recovery of deceased victims, and the protection 
of health and property. 

1. Saving of Human Life. 

a. To preclude the possibility of unnecessarily restricting action 
that may be necessary to save lives, judgment shall be left to 
persons in charge of emergency operations to determine the amount 
of exposures that should be permitted to perform the emergency 
mission. 

b. Attempts to rescue victims of a nuclear incident should be 
regarded in the same context as any other emergency action 
involving the rescue of victims, regardless of the type of 
hazard involved. 

c. Where there is reasonable expectation that an individual is 
alive within the affected area, the course of action to be 
pursued should be determined by the person onsite having the 
emergency action responsibility. 

d. The amount of exposure for this type of emergency action shall 
be determined by the person onsite having the emergency action 
responsibility. He should immediately evaluate the situation 
and establish the exposure limit for the rescue mission accord¬ 
ingly. His judgment should be based upon: 

(l) Evaluation of the inherent risks by considering: 

(a) The reliability of the prediction of radiation injury. 
This reliability cannot be any greater than reliability 
of the estimation of the dose. Therefore, considera¬ 
tion should be given to limits of error associated 
with the specific instruments and techniques used to 
estimate the dose rate. This is especially crucial 
when the estimated dose approximates 100 rems or more. 
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(b) The exposure expected in performing the action shall 
be weighed in terms of the effects of acute external 
whole body exposure and entry of radioactive mate¬ 
rial into the body. 

(2) Current assessment of the degree and nature of the hazard, 
inherent risk from that hazard through appropriate mecha¬ 
nism such as the use of protective equipment, remote 
manipulation equipment, or similar means. 

e. In the course of making a decision to perform the action, the 
risk to rescue personnel should be weighed against the prob¬ 
ability of success of the rescue action. 

f. Any rescue action that may involve substantial personal risk 
should be performed by volunteers, and each emergency worker 
shall be advised of the known or estimated extent of such risk 
prior to participation. 

2. Recovery of Deceased Victims. 

a. Accident situations involving recovery of deceased victims re¬ 
quire criteria separate from those for saving lives. Since the 
element of time is no longer a critical factor, the recovery of 
deceased victims should be well planned. The amount of radia¬ 
tion exposure received by persons in recovery operations shall 
be controlled within existing occupational exposure guides. 

b. In those situations where the bodies are located in areas in¬ 
accessible because of high direct radiation fields, and where 
the recovery mission would result in exposure in excess of 
occupational exposure standards contained in this part, special 
remote recovery devices should be used to retrieve the bodies. 

c. In special circumstances where it is impossible to recover 
bodies without the entry of emergency workers into the area, 
the individual in charge of the recovery mission may determine 
it necessary to exceed the occupational exposure standards 
contained in this part. The planned exposures of an individual 
participating in the recovery should not exceed 12 rem total 
for the year or 5 (n-l8) whichever is the more limiting. 

3. Protection of Health and Property. 

a. Where the risk (probability and magnitude) of the radiation 
hazard either bears significantly on the state of health of 
people or may result in loss of property, so that immediate 
remedial action is required, the following criteria should 
apply: 
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(1) When the person in charge of emergency action onsite deems 
it essential to reduce a hazard potential to acceptable 
levels or to prevent a substantial loss of property, a 
planned exposure up to but not to exceed 12 rem for the 
year or 5 (N-l8) 'whichever is more limiting may be re¬ 
ceived by individuals participating in the operation. 

However, the person in charge of emergency action at the 
incident scene may elect under special circumstances to 
waive these limits and permit volunteers to receive an 
exposure up to but not to exceed 25 rem. 

(2) Where the potential risk of radiation hazard following 

the nuclear incident is such that life would be in jeopardy, 
or that there would be severe effects on health of the 
public or loss of property inimical to the public safety, 
the criteria for the saving of human life shall apply. 
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EXTRACT FROM NRC OPERATING HANDBOOK 


NOTIFICATION, INVESTIGATION, AND REPORTING OF 
INCIDENTS REQUIRING IMMEDIATE NOTICE TO HEADQUARTERS 

I. CATEGORIES OF INCIDENTS REQUIRING HEADQUARTERS ACTION 

Incidents involving any of the following circumstances may require prompt 
notice to the public and NRC Committee on Atomic Energy and notice thereof 
should be made to Headquarters as soon as any become known. 

A. Under NRC or Contractor Operations. 


1. Radiation. 

a. Exposure of the whole body of an individual to 25 rems or more 
of radiation, exposure of the skin of the whole body of an 
individual to 150 rems or more of radiation or exposure of the 
feet, ankles, hands or forearms of any individual to 375 rems 
or more of radiation; 

b. Any unplanned release of radioactive material in concentrations 
which, if averaged over a period of 24 hours, would exceed 
5,000 times the limits specified for such materials in appendix 
0524, annex 1; 

c. Any release of radioactive material offsite where it is believed 
any member of the general population may have received an ex¬ 
posure greater than than that set forth in appendix 0524, II; 

d. Any accident in which an atomic or nuclear weapon (under the 
jurisdiction of NRC) is involved and where damage is inflicted 
to persons or private property; 

e. Any notice that an individual has received an estimated 25 rems 
or more of external whole body radiation during a calendar 
year; 

f. Any injury or industrial illness following cumulative or massive 
exposure to internal or external ionizing radiation which might 
reasonably be expected to have caused the illness or injury and 
when so diagnosed by a physician competent in nuclear medicine; 

g. Allegations that persons previously employed by NRC or its 
contractors are disabled from injuries or diseases incurred 
as a result of radiation or exposure to toxic materials which 
are peculiar in kind or degree to atomic energy operations. 

2. Injury or Death. 

a. Any fatal or imminently fatal injury or illness of industrial 
origin associated with an NRC activity of an NRC or contractor 
employee or a member of the public in an accident or fire; 
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b. Any other injury or industrial illness of five or more persons 
in an NRC operation; 

c. Allegations that persons previously employed by NRC or its 
contractors died from or were injured as a result of their 
duties in atomic energy operations. 


3. Loss. 


a. Estimated loss or damage to Government property amounting to 
$100,000 or more or estimated costs of $100,000 required for 
cleaning, renovating, replacing or rehabilitating structures, 
equipment, or property; 

b. Any apparent loss of source or special nuclear material, when 
such apparent loss has been referred to the FBI for their in¬ 
formation or investigation. 

NOTE: The notification in the matter in item 3L may consist of a copy 

of the referral to the Federal Bureau of Investigation, which has 
primary investigative jurisdiction of such matters. 

c. Any apparent loss or theft of byproduct source, or special 
nuclear material, other than that mentioned in items 3a or 

3b above, in such quantities and under such circumstances that 
it is believed there may result a substantial hazard to the 
health and safety of individuals. 

B. Public Interest . 

1. Any incident of any kind which gives rise to an inquiry by members 
of the public or press, providing that after initial analysis by a 
field office, it is considered of sufficient importance to notify 
Headquarters. 

2. Any incident of any kind which the field office manager believes to 
have public information significance. 

3 . Any offsite accident involving vehicles carrying NRC shipments of 
radioactive materials. 

II. NOTIFICATION STANDARDS 

A. As soon as sufficient information is obtained to indicate the general 

nature and extent of the incident, the responsible Headquarters supervising 
official shall be notified by telephone. This telephone notification 
should be made within a matter of hours if at all possible, even at the 
expense of lack of some of the details of the incident. A confirming tele¬ 
type shall be sent as soon as possible giving whatever details are 
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available. This teletype shall include as addressees, the responsible 
Headquarters supervising official, appropriate programmatic division 
director, appropriate programmatic Assistant General Manager, the Divisons 
of Inspection, Operational Safety (in health and safety matters) and 
Public information. This teletype shall cover: 

1. Whether a press release is contemplated or has been issued. 

2. Whether all facts are known and no investigation is required. 

B. The recipient of the original notice shall immediately notify the Divisions 
of Inspection, Operational Safety (in health and safety matters) and other 
interested Assistant General Managers, divisions and offices. 

III. INVESTIGATION STANDARDS 

A. General . 

The investigation and analysis should be conducted to obtain information 
necessary to: 

1. Determine nature and extent (including costs) of the incident. 

2. Determine the causes of and responsibility for the incident. 

3. Determine corrective action appropriate to minimize or preclude 
similar incidents. 

4. Arrive at an informed estimate of amounts, probability and validity 
of claims against the Government. 

5. Assist in the improvement of NRC policies, standards, and regulations 
and of operations thereunder. 

6. Prepare a written report. 

7- Determine that appropriate corrective action and follow-up are 
accomplished. 

B. Standards for Selection of Investigators . 

1. Designated investigator(s) (or teams) shall be selected to supply 
not only specialized competence in the subject area concerned, but 
also competence in investigative and report writing techniques. 

2. NRC and contractor personnel employed in positions directly related 
to the operation or activity in which the incident has occurred may 
serve on an investigative committee but shall not constitute a 
majority of the team nor serve as the only investigator or as head 
of the investigative team. 
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3. NRC officials who initiate investigations shall: 


a. Appoint or approve investigator(s) or those who serve on the 
investigative team. 

b. Designate a full-time Government employee to conduit the in¬ 
vestigation or to head the team where one is used. 

C. Collection of Data . 

1. Information shall be obtained from the best source, i.e., those 
persons involved in the incident, and those present at the time of 
the incident, along with personal observation on the part of the 
technically qualified investigator. 

2. The following data should be obtained where applicable: 

a. Concerning the facility: 

(1) Contractor or facility involved and location of facility. 

( 2 ) Area or room where the incident occurred or where the 
missing material was supposed to be. 

( 3 ) Contract or other connection with the NRC. 

(4) Names and titles of persons involved. 

b. Concerning the incident: 

(1) Type of incident or occurrence. 

( 2 ) Date, time, and circumstances. 

( 3 ) What brought incident to attention. 

(4) Cause and responsibility for incident or occurrence. 

( 5 ) Description of damage and/or loss, and action being taken 
to repair damage or prevent further damage and/or loss. 

(6) Cost; i.e., replacement cost of damaged items, or assigned 
dollar value of missing material. 

c. Concerning any injuries: 

(l) Extent of injuries. 
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(2) Action taken to care for injuries. 

( 3 ) Action taken to preclude further injuries. 

d. Concerning the possibility of a claim against the Government: 

(1) What possibilities for claims against the Government were 
created by the incident or loss. Describe the possible 
claims. 

(2) What information is available to refute or mitigate the 
claims. 

e. Concerning corrective action: 

(1) If the incident or loss resulted from a failure to follow 
procedures, laws, or regulations, what action is warranted 
or is being taken to ensure future compliance. 

( 2 ) If the incident or loss resulted from lack of or inadequate 
procedures, what action is being taken to correct the 
deficiency. 

3. Concerning the loss of source and special nuclear material the 
following additional information must be obtained: 

a. If missing material, description, chemical and physical form, 
quantity, etc. 

b. Classification of missing material. 

c. If missing material, relation of missing quantity to total 
batch or inventory from which missed. 

d. If loss was not immediately noted, when and under what circum¬ 
stances was it noted. 

e. For missing material, when and how is the material last known 
to have been on hand. 

f. What steps have been or are being taken to locate the missing 
material. 

g. What are the possible mechanisms by which the material could 
have left the facility. For each mechanism what evidence exists 
that this was or was not the loss mechanism, and what practicable 
possibilities exist for further investigation. 

h. What is the most probable loss mechanism, based on present 
information. 
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4. In cases involving overexposure to ioftizing radiation the following 
additional information must be obtained: 

a. Personal information: 

(1) Date of birth. 

(2) Place of birth. 

(3) Sex. 

(4) Social Security number. 

b. Occupational information: 

(1) Name and address of employer. 

(2) Position title of employee. 

( 3 ) Area of facility employed in during period of exposure. 

c. Radiation exposure information: 

(1) Approximate dates for period during which exposure was 
accumulated. 

(2) Total estimated radiation dose in rems. 

(3) Type of radiation involved (e.g., X-ray, gamma, neutron, 
electrons, positrons, heavy particles). 

(4) Manner in which personnel radiation dose measurements 
were made (e.g., film badge, dosimeter, survey meter). 

( 5 ) Procedures used for converting units of measurement to REM 
dose values (e.g., survey meter reading in r times RBE of 

_ for _ radiation; _ neutron tracks per 

square centimeter equals _ rem dose; density of duPont 

type 502 film in terms of r times RBE of _ for _ 

radiation). 

(6) Extent to which the permissible accumulated radiation dose 
has been exceeded. 

IV. REPORTING STANDARDS 

A. Investigative reports shall be written in two separate parts. 

1. The first part shall contain an orderly presentation of the es¬ 
tablished facts relative to the incident. 
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2 . 


The second part shall contain a clear statement of the conclusions 
reached and/or the recommendations ■which will make effective dispo¬ 
sition of all phases of the case. The conclusions must be supported 
by the facts developed. Each recommendation should be stated so as 
to clearly identify the action(s) required to carry it out. 

Conclusions and/or recommendations shall be marked "Official Use 
Only" and shall be & separate memorandum signed by the chairman 
of the committee or the investigator. 

B. Investigative reports are submitted initially to the NRC officials re¬ 
sponsible for ordering the investigations. If the final report cannot 
be submitted within 30 days, the Headquarters supervising official and 
the Division of Operational Safety in health and safety matters shall be 
notified as to the reason for the delay and the anticipated date of sub¬ 
mittal. A record will be maintained of management actions taken on in¬ 
vestigation findings and recommendations. 

C. Reports will only be distributed to those listed in the chapter and no 
further distribution of such reports shall be made except with permission 
of the Headquarters supervising official in consultation with the appro¬ 
priate programmatic Assistant General Manager, and/or appropriate pro¬ 
grammatic division director. 

V. PROCEDURE TO BE FOLLOWED WHEN INVESTIGATION IS TO BE CONDUCTED BY 
HEADQUARTERS 

Except as otherwise prescribed by the Commission, investigations of incidents 
(as defined in section 0703-5) required by the Commission or by the General 
Manager to be conducted by Headquarters will be conducted by the Director, 
Division of Inspection, as provided in this part V. 

A. Investigations by the Director, Division of Inspection . 

In conducting investigations, as required by subsection 0703-033 d, the 
Director, Division of Inspection shall: 

1. Direct the Assistant Director for Investigations, Division of In¬ 
spection, to collect and report to him on all facts concerning the 
incident in accordance with the standards set forth in part III. 

2. In addition, when appropriate, designate one or more technical experts 
to collect, evaluate, and report to him on relevant technical data. 
Such designated persons shall: 

a. Take immediate action to collect technical data that would not 
be available- in case of delay such as information concerning 
decaying short half-life material. 
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b. Make arrangements for laboratory or other facilities needed to 
analyze technical data that has been collected. 

c. Appropriately coordinate their efforts with the staff of the 
Assistant Director for Investigations assigned to the incident. 

3. In matters relating to incidents in operations under the jurisdic¬ 
tion of a Field Office Manager: 

a. Through the cooperation of the Field Officer Manager, control 
access to the site of the incident by excluding all persons 
except those whose presence is essential to investigative 
activities or to necessary operations. 

b. Assure that the investigation will not interfere with emer¬ 
gency operations of the Field Office Manager resulting from 
the incident. 

c. Secure administrative and other support from the Field Office 
Manager. 

d. Assure that the Field Officer Manager is not relieved of any 

of his operational responsibility through actions of representa¬ 
tives of the Division of Inspection or of a Board of Investi¬ 
gation (see B below). 

4. In matters relating to incidents in licensee operations, assure that 
the investigation activity will be conducted in accordance with the 
direction of the Commission and in such a manner as will not interfere 
with the responsibilities of the Director of Regulation. 

5 . Upon completion of the investigation, submit a detailed, factual 
report to the Commission through the General Manager or the Director 
of Regulation, as appropriate. The report shall be in the form pre¬ 
scribed by part IV.A. The report shall not contain conclusions as 

to legal matters, such as negligence or questions of liability on the 
part of persons or organizations involved. Questions as to the legal 
implications of conclusions in the report shall as appropriate, be 
referred to the Office of the General Counsel for advice. 

B. Boards of Inv es tigation . 

1. If the Director, Division of Inspection, believes that his investi¬ 
gation of an incident should be supplemented by the expert opinion 
and advice of a Board of Investigation, the Director, Division of 
Inspection, will constitute such a Board, with advice from the 
Director of Regulation in regulatory matters and the Director, 

Division of Operational Safety, in matters under the jurisdiction 
of the General Manager. 
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2. The Director, Division of Inspection, shall request the General 
Counsel to appoint a Counsel to the Board of Investigation who shall 
attend the meetings of the Board and advise and assist it. 

3. The members of the Board shall be selected from highly qualified 
experts in the field of the incident under investigation who are 
employees of the NRC or its contractors and shall be composed as 
follows: 

a. There shall be no less than three nor more than five members. 

b. One or more members shall be NRC employees and a full time NRC 
employee shall be appointed Chairman of the Board of Investi¬ 
gation. 

4. The Director, Division of Inspection, and Manager of Field Office, 
through the Director, Division of Inspection, shall assure that the 
Board of Investigation receives all relevant information concerning 
or resulting from the investigative efforts of Headquarters and Field 
Office staff, respectively, with respect to the particular incident 
under investigation. 

5 . The Board of Investigation may question witnesses and examine docu¬ 
ments, equipment, facilities, and sites relevant to the incident. 

6 . If, after reviewing all information furnished and making such in¬ 
quiries as it deems necessary, the Board of Investigation determines 
that additional information is needed, the Director, Division of 
Inspection, will be requested to obtain and furnish such information. 

7. After completing its review and prior to preparation of its written 
report, the Board of Investigation shall consult with the Director, 
Division of Inspection, concerning the results of its investigation 
to determine if any further investigation by the Board is necessary 
or desirable. 

8 . Thereafter, if it appears that no further review or action by the 
Board of Investigation is necessary or appropriate, the Board shall 
prepare a detailed, factual report to the Director, Division of 
Inspection, setting forth the results of its investigation. The 
report shall be in the form prescribed by part IV.A. It shall not 
contain conclusions as to legal matters, such as negligence or 
questions of liability on the part of persons or organizations in¬ 
volved. It shall be referred to Counsel to the Board for review and 
advice as to legal implications prior to submission to the Director, 
Division of Inspection. 
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EXTRACTS FROM AR 55-55 


Paragraph 12. 

Accident/Incident Control and Reporting. 

a. Transportation. Transportation as used in this regulation with 
respect to accident/incident reporting will include all events for the period 
of time from the acceptance of the item for shipment until delivery to and 
acceptance by the consignee. For information in connection with accident/ 
incident reporting, see AR 385-40. Reporting of packaging and handling 
deficiencies are prescribed in AR 700-58. 

b. Action to be taken in case of an accident involving radioactive or 
fissile materials (App C). The senior person present will - 

(1) If radioactive materials are exposed or if contamination is 
suspected to exist, establish an exclusion area to prevent the general public 
from exposure to radiation or contamination. Accept local assistance if re¬ 
quired. The exclusion area will be maintained until the appropriate radio¬ 
logical team certifies that the danger is past. 

(2) Take such other emergency action as the situation required 
(rescue operations, firefighting, etc.). 

(3) Notify the nearest military installation and request immediate 
assistance, giving pertinent information as follows: 

(a) Location and nature of accident. 

(b) Emergency procedures initiated. 

(c) Type materials involved and help required. 

(d) A request that shipping installation be notified at earliest 
possible time. 

(4) Notify the Deputy Chief of Staff for Logistics, ATTN: LOG/ 
TR-TEB, Department of the Army, during normal duty hours and the DSLOG 
Duty Officer at all other times, giving such details as are available. 
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(5) Prepare an on-the-scene report, which will detail all pertinent 
factors contributing to the accident and the emergency measures initiated to 
protect personnel and property. This report will be submitted within 24 hours 
to the safety office of the shipping installation, with copies to the Deputy 
Chief of Staff for Logistics, ATTN: LOG/TR-TEB, Department of the Army, 
Washington, D. C. 20310, and to the safety officer of the Army installation 
providing assistance. If military vehicles are involved, this report will be 
made in addition to the reports required by AR 385-40. 

c. Action to be taken in case of an incident involving radioactive 
or fissile materials (App C). The senior person present will - 

(1) Take the necessary precautionary measures to protect personnel 
and property and to prevent development of the incident into accident. 

(2) Notify the nearest military installation to request assistance if 
required. 

(3) Notify the shipping installation and request instructions to 
safely complete mission. 

(4) Prepare an on-the-scene report which will detail the incident 
emergency measures taken, and assistance requested and rendered to 
reduce the incident. 

(5) Report incidents to the safety director of the shipping in¬ 
stallation within 24 hours of the event. The safety officer will submit a 
written report within 5 days to the Deputy Chief of Staff for Logistics, 

ATTN: LOG/TR-TEB, Department of the Army, Washington, D. C. 20310, 
and to such other command levels as required. This written report will 
detail the incident emergency actions taken and the assistance requested and 
rendered to reduce the incident. 

d. Reports indicated in b and c above will not be given to local police 
officers or to representatives of the press. The senior man present will 
make such answers to the local police as are required by law to complete 
their report but will not discuss the nature of the lading except to indicate 
the need for the required safety measures taken. 

e. Relations with the press and release of information to the public 
concerning nuclear accidents and incidents will be governed by the provisions 
of AR 360-43. 
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APPENDIX A 


SAFETY 

1. Definitions. Alpha, REMT, and RADCON Teams are defined in AR 50-5. 

Z. General. Nuclear and radioactive materials, if involved in a trans¬ 
portation accident, may have the packaging so damaged as to cause the 
contamination of an area and become a personnel hazard. In case of a 
serious accident involving nuclear or radioactive materials, the ranking 
person (guard, courier, escort, or transportation personnel) accompanying 
the shipment will take immediate steps to clear the area and request 
assistance. 

3. Action at site. 

a. . The responsible person at the scene, after taking the necessary 

emergency action required to protect personnel and property, will report by 
telephone to the nearest military or NRC installation and, if needed, he will 
request aid. He will also request that the Army area be notified. If there 
is no nearby military or NRC installation from which help can be secured, a 
telephone report and request for aid will be made to the headquarters of the 
Army area in which the accident/incident occurred. Appropriate telephone 
numbers to call for assistance will be included in the written instructions 
provided the driver or escort commander. 

b. Local police authorities may be called upon to assist in the control 
of the area and to exclude the public to prevent possible radiation exposures 
until authorized Army control can be established. 

c. In the event the shipment is unescorted, the driver or conductor 
will be instructed to obtain assistance at the scene to maintain exclusion 
of the area until such time as other assistance is available. In event of 
a fire, contact local fire department. 

4. Interagency radiological assistance. 

a. The Federal Interagency Radiological Assistance Plans, the principal 
proponents of which are the Department of Defense and the Nuclear Regula¬ 
tory Commission, provides the procedures and the resources for the 
expeditious supply of effective radiological assistance to anyone requesting 

it in case of a radiological accident/incident. This plan is administered 
for the military services through the Joint Nuclear Accident Coordinating 
Center (JNACC) located at Sandia Base, Albuquerque, New Mexico. 

b. Any military or NRC installation receiving a request for radiological, 
aid will contact, in accordance with existing plan, the appropriate higher 
headquarters to initiate action under the JNACC procedures. 
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c. In the event several individuals have become contaminated or the 
contamination on an individual is not localized to a small portion of the 
body, the following decontamination procedure will be used: 

(1) Place individual under a tepid shower. 

(2) Using a mild toilet soap, individual will cover entire body 
with lather. 

( 3 ) While still covered with lather, individual will step out of 

shower. 

(4) An assistant will sprinkle a heavy coat of mild soapflakes all 
over lathered individual. (Purpose of lather is to cause soapflakes to adhere 
to person.) 

( 5 ) Using his hands, the contaminated individual will rub the 
soapflakes on his body into a paste. 

(6) Individual will then return to shower and attempt to rinse 
soap off of his person by starting at the top and working his way down. 

NOTE: It will be necessary for individual to rub body surfaces with his 
hands while rinsing in order to remove soap paste. Soap paste will remain 
on those areas which have not been thoroughly washed. Although a soft cloth 
may be used, a brush may not. Particular attention should be given hairy 
portions of the body. 

( 7 ) When the individual has rinsed himself to the point that he no 
longer feels slimy and while still under shower, he will be examined by an 
assistant for traces of soap. The presence of soap will indicate which areas 
of the body have not been decontaminated. 

(8) After removing all traces of soap, individual will leave the 
shower and dry himself. 

(9) After drying off, individual will be monitored. If individual 
is still generally contaminated, procedures will be repeated. 
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APPENDIX B 


EMERGENCY PROCEDURES 

TO FOLLOW IN ACCIDENT/INCIDENT SITUATIONS 

1. Probable emergencies. A radiological emergency is any unplanned event 
which could adversely affect the safe movement of radioactive materials. A 
severe emergency could result from collision, fire, explosion, or loss of 
control, e.g., theft, spillage, leakage, and misplacement of the cargo. Over 
exposure and contamination of personnel and property could be the end result. 

2. General guidance. The prime objective of emergency action is the pro¬ 
tection of personnel from the hazards of radiation and contamination. Second 
consideration should be the confinement of the contamination to the local 
area of the accident. Although no set of rules are available to handle every 
conceivable incident, the proper adaptation of the more specific guidance 
furnished below will minimize the danger.to personnel and property. In the 
event there is reason to believe that personnel may have been contaminated 
and/or overexposed, efforts will be directed toward locating those persons 
so that any necessary decontamination and medical assistance may be furnished 
It may be necessary to obtain the aid of local authorities to locate person¬ 
nel along the shipping route who may have been contaminated or overexposed. 

3. Emergencies involving collision, fire, explosion, leakage, or spills. 

a. Danger. Personnel overexposure could result from increased dose 
rates. Contamination of property and equipment could occur. 

b. Immediate action. 

(1) Minimize emergency, if possible. Extinguish fire with dry- 
chemical fire extinguisher. 

(2) Utilize on-site assistance in order to: 

(a) Establish exclusion area. Increase distances shown on 
DD Form 836 to keep personnel out of smoke, leakage, spillage or mists. 

(b) Render first aid. Inform medical personnel that injured 
may be contaminated. 

(c) Call for necessary assistance from local fire, police 
or public health departments and nearest military or NRC installation. 

(d) Control personnel who may be contaminated. 

1 . Obtain names and addresses. 

2. Discourage smoking, eating, drinking, and leaving 
until monitoring and decontamination assistance is available. 
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(e) Localize contamination. Example: Leakage and spillage 
on highway can be removed by sweeping or shovelling contaminated material 
into a suitable container and holding for disposal. If liquid has been spilled 
the contamination may be contained by means of dirt, cloth, sawdust, or 
other absorbent material. Dusts can be settled by means of a fine water 
spray. 


c. Subsequent action: 

(1) Monitor and decontaminate personnel, if necessary. See 
paragraph 5 of this appendix for guidance on decontamination of personnel. 
Assistance of local health department, civil defense, nearest CBR team, 
or other RAD Safety Team may be necessary. 

(2) Monitor and d econtaminate property. (Same assistance as (1) 
above may be necessary.) Reduce exclusion area to bare minimum. 

(3) Document the emergency, 

4. Procedures in case of theft or loss. 

a. Notify Army area headquarters. 

b. Notify consignor. 

c. Notify FBI and local police officials if theft is suspected. 

d. Attempt to recover in case of loss. 

5. Decontamination of personnel. 

a. If packages were undamaged, contamination is unlikely. However, 
radiac instruments are necessary to verify the presence or absence of con¬ 
tamination. For beta-gamma materials, this requires a Geiger Mueller 
type instrument capable of distinguishing dose rates between zero and 0.2 
milliroentgen per hour. For alpha-emitting materials, an instrument 
capable of detecting 500 alpha particles per minute per 16 square inches is 
required. Further, it should be noted that alpha radiation cannot be detected 
from moist or wet surfaces. 

b. Thorough washing with nonabrasive soap and lukewarm water is the 
best general method of decontamination of the hands and other parts of the 
body, regardless of contaminant. If the contaminant is localized, it is 
often more practical to mark off the affected area and cleanse with swabs, 
rather than risk the danger of spreading the contaminant by general washing. 

CAUTION: Organic solvents must be avoided as decontaminating agents 
because they may increase the probability of the radioactive materials' 
penetrating through the pores of the skin. Special attention must be given 
to the areas between the fingers and around the nails; also, the outer edges 
of the hands are readily contaminated and often neglected in the washing. 
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c. In the event several individuals have "become contaminated or the 
contamination on an individual is not localized to a small portion of the 
body, the following decontamination procedure will be used: 

(1) Place individual under a tepid shower. 

(2) Using a mild toilet soap, individual will cover entire body 
with lather. 

( 3 ) While still covered with lather, individual will step out of 

shower. 

(4) An assistant will sprinkle a heavy coat of mild soapflakes all 
over lathered individual. (Purpose of lather is to cause soapflakes to adhere 
to person.) 

( 5 ) Using his hands, the contaminated individual will rub the 
soapflakes on his body into a paste. 

(6) Individual will then return to shower and attempt to rinse 
soap off of his person by starting at the top and working his way down. 

NOTE: It will be necessary for individual to rub body surfaces with his 
hands while rinsing in order to remove soap paste. Soap paste will remain 
on those areas which have not been thoroughly washed. Although a soft cloth 
may be used, a brush may not. Particular attention should be given hairy 
portions of the body. 

( 7 ) When the individual has rinsed himself to the point that he no 
longer feels slimy and while still under shower, he will be examined by an 
assistant for traces of soap. The presence of soap will indicate which areas 
of the body have not been decontaminated. 

(8) After removing all traces of soap, individual will leave the 
shower and dry himself. 

( 9 ) After drying off, individual will be monitored. If individual 
is still generally contaminated, procedures will be repeated. 
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DF510. 1 


RADIOACTIVE CONTAMINATION 


At the laboratory located on your installation, a chemist has received a glass 
ampoule containing 1.27 curies of elemental sulfur-35 dissolved in 15 cc of 
benzene. This material was received in a heat-sealed all glass ampoule sur¬ 
rounded by packing material. Prior to opening it, the ampoule was chilled in 
an ice bath inside of two concentric containers. The ampoule was scored with 
a carborundum chip but could not be snapped open. Before it could be scored 
again, it exploded shattering both containing vessels and severely contamina¬ 
ting the operator. The operator received minor cuts on his hands from glass 
that penetrated his rubber gloves. There were also superficial cuts on his 
face around but not within the area protected by his safety glasses. His 
uniform and the exposed areas of his face were highly contaminated. He dis¬ 
carded his uniform, changed to clean clothes, and left his laboratory which 
was then sealed. 

Describe the further handling of this situation. 
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DF510. 2 


INCIDENT INVOLVING A RADIOGRAPHIC SOURCE 


A contractor on your installation is doing radiographic testing of some 
equipment. A radiographer is using a new 10 curie Co-60 remote radio¬ 
graphy source to radiograph some pipes in a power plant under construc¬ 
tion. From a shielded location he is cranking the source hack to the 
source container when it sticks and will not return. He pulls and jerks 
the source;he finds that it has become disconnected and has dropped on 
the floor. He becomes excited and leaves the scene to get help. 

There are 10 men, pipe fitters, assistants and welders working in the 
building. The radiographer says that he returned in approximately 20 
minutes and you are there 5 minutes after this. 

What is your course of operation? 

Information: 

Co-60 - 1 curie = 13.7 rad/hr @ 1 foot 

Half-life = 5.2 years 

Co -60 gives off a 1.33 Mev gamma and a 1.17 Mev gamma 
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DF510. 3 


RADIATION ACCIDENT INVOLVING RADIATION GAUGES 


A fire occurred in a two story supply facility on your installation. Involved 
in this facility was a process control system using 5 beta gauges containing 
radioactive Strontium-90. You, as RPO, are on the emergency team called in 
to advise on proper actions to take while fighting the fire and subsequent 
cleanup. 

Sources were contained on two floors of the building and each source employed 
the standard SIA source capsule whose strength was 10 - 12 millicuries of ^^Sr. 
The source capsule model SIA is made of stainless steel. The front window, 
which is copper braised to the body, has a thickness of 1.5 mil. The radio¬ 
activity is deposited on a ceramic disk covered with a silicate. The disk 
is placed in the capsule "hot" end adjacent to the thin window and the threaded 
plug is inserted using a silver bearing solder which has a melting point of 
430° F. 

The source housing is essentially a small cast aluminum box which is used to 
house the source and has appropriate control devices. 

Describe how you would handle such a situation. 

Describe the proper precautions to take while fighting the fire and during 
cleanup operations. 
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DF510. 4 


RADIOISOTOPE LABORATORY INCIDENT - IODINE-131 


As RPO, you receive a call from the diagnostic radioisotope laboratory at the 
local military hospital. The laboratory staff consists of a radiologist and 
a technician. The laboratory is cleaned by the regular housekeeping staff of 
the hospital on Tuesday and Thursday nights. The 12 p.m. to 8 a.m. shift 
customarily performs these cleaning duties. 

The radiologist has been working with 10 millicuries of liquid Iodine-131 
in a beaker on the stainless steel laboratory bench. On Tuesday evening before 
leaving work, the technician places a tight Saran wrap cover on the beaker to 
prevent evaporation. Upon entering the laboratory at 7:50 a.m. on Wednesday 
morning, the technician discovers the beaker lying broken in the waste basket 
under a desk amid paper desk trash. There is no sign of the solution except 
for the white crystalline residue on the broken glass. The floor seems clean 
of glass fragments. On the desk was a note from the night housekeeping super¬ 
visor explaining that the janitor on duty had knocked the beaker off the bench 
while cleaning the laboratory and had cleaned up the spill himself. The radio¬ 
logist immediately telephoned you. 

a. In logical sequence, outline the procedures you would take in handling 
the situation. 

b. What changes should be initiated in laboratory techniques and manage¬ 
ment to obviate further incidents of this kind? 
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DF510. 5 


RADIOISOTOPE SPILL 


At approximately h AM., a strong gust of wind blew a carton of radioisotopes 
off an airline freight truck in a passenger walkway on the west concourse 
of the airport. The package dropped in front of the truck in such a position 
that the right front tire of the truck ran over the carton containing the radio¬ 
isotopes. Mr. Brown, driver of the truck, placed the damaged carton back on 
the truck without noticing the label, and was therefore unaware of the nature 
of the contents, even though the carton did carry a radioactivity danger warn¬ 
ing sign. 

The package was a Blank Laboratories, Oak Ridge, Tennessee, standard cardboard 
shipping carton enclosing five metal radioisotope containers. The shipment 
consisted of: 

Three containers, Orioiodide, Iodine-131 - 5 millicuries each; one 
container, Chromic Radiophosphate sterile Phosphorus 32 - 10 milli¬ 
curies, and one container, Sodium Iodide sterile Iodine-131 - 10 
millicuries. 

At approximately 6:30a.m., Mr. Adams, airline cargo service representative, 
noticed the radioactive materials label and realized the nature of the acci¬ 
dent. At about 7:20a.m., he telephoned advising the local military installa¬ 
tion and you, as RPO, were told of the accident and that the contents of the 
carton were crushed and leaking. Four airlines personnel had come in contact 
with the package in addition to Mr. Adams and Mr. Brown, the driver of the 
truck. Mr. Brown was nauseated and vomited. The whole group was emotionally 
upset. None of the others had been observed to have any physical symptoms. 

If you thought to ask Mr. Adams how many people might have been exposed to 
contamination from walking across or through the area of the original spill 
in the passenger walkway, he would have told you he did not know how many 
hundreds of people might have walked through the area. Since the area had 
not been roped off, hundreds of people actually had walked through. 

If you had asked Mr. Adams what had been done with the carton after the acci¬ 
dent occurred and if any other employees might have been exposed, he would 
have told you that Mr. Brown, the truck driver, had picked the carton up, put 
it back on his truck, taken it to the airport terminal building and put it down 
in an airfreight room. In addition, at this time of the morning, there were many 
employees of the airfreight line and other airport terminal employees coming 
and going. 

Outline an appropriate course of action including environmental control pro¬ 
cedures. If the amount of activity were two or threefold greater, how would 
this alter your course of action? 
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DF510.6 


RADIATION ACCIDENT INVOLVING LOCAL ASSISTANTS 


You are the Radiological Safety Officer at a military installation near a 
university located in a community of approximately 35>000 people. 

The installation Provost Marshal received a call from the local police re¬ 
questing assistance at an accident. There is a fire in a small independent 
radiological laboratory on the outskirts of town. The Provost Marshal in¬ 
forms the installation CO and he directs you to render all possible assistance 

The laboratory is a two-man operation owned by two former university profes¬ 
sors who have gone into business for themselves and they have been doing radio 
logical nuclide analysis, instrumentation calibration, and some industrial 
radiography. 

The reason for the call was that one of the policemen noticed a radioactive 
material sign on a beaker. The policeman also noticed that only one of the 
operators can be located, but he is in an unconscious state and cannot answer 
any questions. 

The policemen would like for you to come to the site and tell them if there is 
a problem at the laboratory and what can be done to minimize it. 

You organize a five-man team and proceed to the site. When you arrive, the 
policemen are present but the medical emergency people have not arrived. 

a. Outline the approach you should use, in the sequency of occurrence. 

b. What information is necessary to protect the general public and to 
give the policemen a complete picture of the situation? 

c. What decontamination, if any, should be taken? 
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RADIATION ACCIDENT INVOLVING 
A LABORATORY SPILL OF AN ALPHA EMITTER 


DF510. 7 


You are the chemical officer at a large military installation involved in 
research and development work. There is a large laboratory located on 
this installation with a regularly assigned health physics officer. This 
health physics officer is away from the installation for a 4-week period 
attending a training course at Oak Ridge, Tennessee. You, as a radio¬ 
logical safety trained|individual, have been detailed to fill in for this 
individual until his return. 

The laboratory is made up of a series of stainless steel lined rooms opening 
on|a center hallway. Each room has a separate independent ventilation 
system. At about 10:00 o'clock one morning, two technicians, a lieutenant, 
and a specialist started working on a project in which they used a dry 
thorium radioactive material. There was a health physics (EM) monitor 
present during the operation. 

At lunchtime, the three individuals washed their hands and were monitored 
out of the lab using a hand monitor. They all went to lunch. After lunch, the 
health physics monitor discovers contamination on the bench in the lab and 
upon further investigation, contamination on the floor and out in the hallway 
is found. 

An immediate call was placed to the HPO office and a man on duty responded 
with a beta-gamma instrument. You arrive and take the proper instruments 
to the laboratory. About this time, the lieutenant returns from lunch and you 
monitor him, finding contamination on his head, hands, and uniform. 

In the following questioning of these three individuals, the EM monitor went 
to the local messhall, ate lunch, and returned directly to work; the enlisted 
technician went to his home, on post, ate lunch and returned directly to 
work; the lieutenant went to the Officer's Club, where he cashed a check, then 
went to the BOQ, where he fixed a sandwich for lunch. He ate the sandwich, 
drank a glass of milk, and laid on his bed while he read the morning news¬ 
paper. He then returned to work. 

a. Outline your course of action as to the contamination in the 
laboratory. 

b. Outline your course of action on outside contamination. 

c. What type of alert, if any, should be issued to the post? 


786 



RADIATION ACCIDENT INVOLVING 
AN ESCORTED SHIPMENT OF RADIOACTIVE MATERIAL 


DF510. 8 


You are the RPO at a Government installation located near a major through 
highway. At 10:00 o'clock ono morning you receive a call from the State 
Highway Patrol stating that a truck carrying a military shipment of radio¬ 
active material has caught fire a few miles from your installation. The 
driver of the truck has written instructions to contact the nearest military 
installation in case of an accident. The patrolman requests immediate assist¬ 
ance. A hurried call to the installation operations office gives you clearance 
to proceed. You immediately organize your staff and proceed to the scene. 

The fire was first detected by the truck driver when smoke was observed emana¬ 
ting from the trailer. The truck was immediately halted and the tractor un¬ 
coupled, while the local fire department was summoned. Fire extinguishers 
from the vehicle and other trucks who stopped to assist were used to combat 
the blaze. The local fire department responded promptly, and, with their aid, 
the blaze was extinguished in approximately 15 minutes. 

Part of the cargo was a gasoline-powered generator. While it could not be 
determined that this was the source, the probability is that a spark could have 
originated from the starter battery and started the fire. 

a. What are your immediate actions? 

b. What control should be initiated and what assistance may be needed?- 
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RADIATION ACCIDENT INVOLVING 
A TRUCK SHIPMENT OF SOURCE MATERIAL 


DF510.9 


In your capacity as RPO, you receive a call for the local highway patrol on 
an accident which has occurred on a major highway near your installation. 

The request has been cleared through the installation CO and he has directed 
you to render all assistance possible. 

The accident involved the collapse of a trailer due to structural failure, 
though the load was within the rated weight limits. The trailer carried 2k 
boxes of normal uranium slugs, weighing 37,000 pounds, and upon collapse of 
the trailer, the truck jackknifed into a ditch. Twelve wooden boxes of slugs 
were thrown on the road, five boxes broke open, and the slugs were scattered 
on both sides of the road. 

The highway patrol has kept the traffic moving, otherwise they have sealed 
off the area. 

a. What are your immediate instructions to the highway patrol officer? 
* b. What actions will you take when you arrive on the site? 
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RADIATION INCIDENT INVOLVING 
CONTAMINATION OF LOCALLY USED EQUIPMENT 


DF510.10 


In your routine duties as RPO, you have members of your organization pick up 
and move contaminated equipment to a safe storage area. Some of the contaminated 
equipment was packaged and monitored and then placed in a Government-owned 
pickup truck for onsite transport to the storage area to be made on the follow¬ 
ing day. A rainstorm during the night submerged the package in water, and 
it was, in turn, penetrated by the water. During transport of the package the 
following day, the water leaked from the package, contaminating the truck bed 
and chassis. 

a. What is your course of action? 

b. What corrective measures do you recommend to prevent a recurrence 
of this incident? 


i 
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DF510. 11 


RADIATION ACCIDENT INVOLVING 
AIR SHIPMENT OF RADIOISOTOPES - Ca-l5 


In a routine transfer of packages received at a local air terminal, one of 
the packages fell from the truck as it "was being driven across the runway to 
another building for transshipment. As the package lay on the runway, it was 
run over by a commercial aircraft taking off on a routine flight to a neighbor 
ing state. The freight official discovered the package lying on the runway 
and called the fire department located at the airport. The package was picked 
up by the firemen and transferred to a remote building on the airport grounds. 
This transfer was accomplished by use of a shovel and a large wooden box, 
obtained from the freight office. The label on the outside of the package 
states that 118 millicuries of Ca-1+5 is in the package. 

A call is placed to your installation requesting assistance and you, as RPO, 
are to respond. 

a. What instructions should be given to the crew at the building 
containing the package prior to your arrival? 

b. What procedures should be followed upon your arrival? 
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DF510. 12 


RADIATION ACCIDENT INVOLVING 
A TRUCK SHIPMENT OF WASTE MATERIAL 


During a routine shipment of (animal experiments) waste to a burial site, the 
tractor-trailer stalled at a local filling station. At that time, leakage 
and odor were noticed coming from the truck, and the military installation 
near the scene was called. 

You, as RPO, are directed to investigate and to render all assistance possible. 

Upon arrival at the scene, it is determined that one of the 23 drums involved 
has ruptured due to internal pressure en route. You monitor the material which 
has leaked from the truck and determine the radiation to be low level gamma 
only and the reading on this material is 1 mr/hr. 

At this time representatives of the local newspaper arrive and request a state¬ 
ment from you. 

a. What actions are necessary to control the contamination problem? 

b. What type statement should you release to the newspaper? 
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DF510. 13 


RADIATION ACCIDENT 
INVOLVING OLD CONTAMINATED EQUIPMENT 


You have been recently assigned the duties of RPO for your installation. You 
have a staff of four technicians working for you with the maximum amount of 
service in these jobs being only 18 months. 

You receive a call from a medical warehouse supervisor requesting assistance. 

One of his men found in an old storage warehouse some items under a tarp which were 
marked with a radioactive warning sign. He immediately left the warehouse 
and reported to his supervisor, who, in turn, called you. 

You get two of your staff, gather the proper instruments, and proceed to the 
scene. Upon arrival, one of your staff monitors the warehouseman and finds no 
contamination. Further investigation of the warehouse reveals low level beta- 
gamma (2 mrad/hr) contamination on the floor near a set of remote manipulator 
arms. The arms are contaminated with a beta-gamma emitter with readings of up 
to 20 mrad/hr on contact. 

You question the supervisor and learn that no equipment has been removed or 
placed into this particular warehouse since he has worked in this area (approxi¬ 
mately 7 years). No one else has any knowledge of these items. All records 
of storage have been retired or destroyed. You are able to locate the property 
holder as-being an agency on the installation. From this agency you learn the 
items were stored approximately 10 - 12 years previously and the contamination 
is probably Cobalt-60. 

a. What are your future actions regarding the contaminated equipment 
and the warehouse? 

b. What action should be accomplished as far as documenting the time and 
type of contamination? 

c. What precautions should be adopted to prevent future occurrences? 
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DF510. 14 


RADIATION ACCIDENT INVOLVING 
A TRUCK SHIPMENT OF SOURCE MATERIALS 


A semitrailer containing drums of uranium chips (metallic) was parked at your 
installation motor pool on Friday noon to he moved to its ultimate destination 
on the following Monday morning. During a routine inspection by a motor pool 
guard in the early evening, the trailer was found to be secure. On repassing 
the trailer 2 or 3 minutes later, the guard noted that the trailer had 
burst into flames. The blaze was extinguished by the local fire department. 

At this point, you are contacted and, in turn, call your assistants who respond, 
bringing anti-contamination clothing and various types of radiacmeters. 

Upon arrival, you find the fire has damaged the trailer (privately owned) in¬ 
cluding destruction of interior body paneling, four tires, tarpaulin, one- 
third of the flooring, and break and light systems. Examination of the drums 
containing the uranium chips reveals that lids are off several drums as if by 
explosion. You are able to get the bills of lading from the tractor cab. 

a. What are your immediate actions to control the scene? No emergency 
crew has left as of this time. 

b. What are your actions toward the cargo of the truck? 
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DF510. 16 


RADIATION INCIDENT INVOLVING 
STUDENT CONTAMINATION OF LABORATORY 


You are the Rrdiation Protection Officer at an installation involved in train¬ 
ing of individuals using radioactive material. 

In a routine class using Gold-198, students must perform decontamination of 
radiation contaminated plates. This exercise requires the students to com¬ 
plete the operations required, monitor this area, and be monitored out of the 
laboratory. At the completion of the exercise, these functions were done and 
the students were released. 

The safety officer during the operation checked the area and found contamination 
on some student work benches. Your office was notified and further checked by 
your staff reveals heavy contamination of several spots on the floor and lighter 
contamination on the work bench. Evidence of contamination is discovered in 
the hallway outside the laboratory. All instructors are monitored and found to 
be clean. It is now 1700 hours. 

a. What is your course of action? 

b. What modification would you recommend to eliminate future occurrences? 
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RADIATION ACCIDENT INVOLVING 
A LEAKING SHIPMENT OF RADIOISOTOPES 


DF510. 15 


A radioisotope shipment of Calcium-45 is received at your installation. In 
accordance -with your local SOP, members of your staff monitor and wipe test 
the external surface of the package. No evidence of contamination is found 
so the package is turned over to the user for unpackaging and ultimate use 
as outlined in the SOP. 

Two members of the user agency, a lieutenant and a specialist, unpack the 
radioisotopes. They find the glass vial in the package to be completely 
empty and the absorbent material to be damp. The materials are placed in a 
radiation hood equipped with a positive displacement filter and a negative 
airflow. The two men remove the rubber gloves, wash their hands, and monitor 
out of the preparation laboratory. 

Several days later, the specialist and a civilian employee are using the same 
room to contaminate disks for a class in determination of unknown radioisotopes. 
The front part of the hood is in use and the operation is completed. In 
accordance with the SOP, the hands and feet of the civilian are monitored. 
Contamination is found on the heel of one shoe. 

Your office is immediately notified and a check reveals contamination on several 
spots on the floor in front of the hood and contamination leading out of the 
doorway into the hall. 

a. What are your immediate actions? 

b. What areas should be checked? 

c. What actions should be taken to prevent recurrence? 
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COMPUTATIONAL PROCEDURES 
IN PHYSI CAL SC IENCES 


DF540 





DF540, Computational Procedures in Physical Sciences 


I. Reference: None. 

II. Lesson Plan Outline: None. 

III. Handouts: None. 

IV. Problems: 

Class and Home Study Problems. 

1. What radioactive materials are always present in the atmosphere? 
What is their origin? 


2. A sample was taken of airborne particulate radioactive contamina¬ 
tion. Four hours after the sampling was stopped, it measured 
53*800 cpm. Twenty hours later (after the first count) the sample 
measured 45,200 cpm. The background count was 2 6 cpm. What is 
the number of counts which may be attributed to long-lived isotopes? 
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3. A long-lived airborne contaminant measured 20,000 cpm. The sample 
was collected for 3 hours using a sampler with a flow of 20 cpm. 
The combined efficiency of the sampler and detector was 10$. What 
is the concentration in nOi/ml of the contaminant? 


k. If the above contaminant is insoluble scandium-U6, is this con¬ 
centration greater than the limits for an unrestricted area? 

A restricted area? 
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5. You, as disposal officer, are given a 100 ml sample of liquid 
from a storage tank containing Cesium-13^ in solution. After 
evaporating the material, you find the residual solid gives a 
reading of U^-cpm on the scaler. At this counting rate, the 
scaler is O.IQPjo efficient. Can the solution in the storage tank 
be disposed of through the sanitary sewage system? Assume that 
the total amount of material for disposal is less than 1 Ci. 
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6 . You as disposal officer are given a small amount of liquid solution 

64 

containing Cu dissolved in it. The reading you get on this 
sample after all corrections are made is 300,000 disintegrations 
per minute. You wish to dispose of this nuclide through the 
sanitary sewage system. What action must he taken? 


7. A soluble nuclide was accidentally spilled and the decontamination 
resulted in the collection of 50 liters of water. The nuclide was 
determined to be 2 gNi and the reading before decontamination was 

480,000 dpm. Would it be permissible to dispose of this water 
through the sanitary sewer? 
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8 . A 200 mCi sample of |j^Cr is to be shipped. 

a. What transport group does this isotope fall under and what 
would be the most economical type package? 


b. How much lead must be used to allow shipment of this material 
as a Yellow III label item? The package used measures 0.5 
meters to a side. 
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9 . You, as Radiological Safety Officer, have been asked to check a 
container to ship 1 Ci of _^Os. You decide to use lead as the 
inner shielding container, now much lead would be required to 
ship this package under radioactive Yellow III label requirements 
without a waiver, if the package is 1 meter to a side? 
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10. You have 30 curies of Au -198 in liquid form that you wish to ship 
without a waiver. The material can be kept in a safe storage 
vault until ready to ship. 

a. What transport group does this fall under, and what type pack¬ 
age is needed? 

b. If you want to use a Yellow II label, how much lead shielding 
is needed if the container is to be 0.5 meter on each side? 
(The liquid is contained in a plastic bottle which stops the 
beta particles with negligible production of bremsstrahlung.) 
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c. If you had only type A packages available to you, what actions 
could you take to ship it? 


d. What is the transport index for original shipment (refer to 
part b)? Is this within the acceptable limit? 
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11. Is it possible to ship 198 Ci of cobalt-60 under Yellow III label 

in a type B package measuring 0.5 meter on a side, without a waiver? 
Assume that lead is used for shielding. Neglect dose rate buildup. 
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12. What size container would he necessary to ship the radionuclide 
in problem 11 under radioactive White I label without any 
shielding? 
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13• An Airborne sample gave a count of 256 cpm after 4 hours. At 28 
hours the count was 218 cpm. The background count vas 6 cpm. The 
collector was 80 ^ efficient; the counter vas 5^ efficient. The 
volume of air filtered vas 10,000 cubic feet. 

a. What is the airborne concentration of the long-lived radio¬ 
active component, expressed in nCi/ml? 


b. If the radionuclide is unknown, does the concentration exceed 
the limit for an unrestricted area? 



14. A 5 vCl sample of technetium -96 is to be shipped. You would like to 
ship the material under a Radioactive Yellow III label without adding 
shielding or securing a special exemption from the AEC. What is the 
minimum sized container that may be used? 
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15. For determining source strength and the effect of shielding, 

what energies and percentages should be considered fbr a sample of 
iridium-192? 
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16. Your laboratory utilizes the following radionuclides in quantities 
not to exceed 100 mCi in activity: Cerium-l4l, rubidium-86, mercury- 
203, and gold-198. You have uncovered an unknown radioactive source 
that registers a dose rate of 5*5 mrad/hr at 2 meters. What is the 
radionuclide? What is its activity, in mCl? (Assume the unknown 
source is a single radionuclide. Assume the dose rate is only due to 
gamma radiation.) 



1?. a. Can 1.5 mCi of silver-108m be shipped radioactive White I label 

in a type A container measuring 0.5 meter on a side without using 
any shielding? 


b. Can the material in part (a) be shipped radioactive White I label 
in a 10 cm thick lead container inside a type A package measuring 
0.5 meter on a Side without requiring additional shielding? 
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l8. A 100 mCi of arsenic-73 Is to be shipped. You would like to ship the 
material radioactive Yellow II label in a type A container measuring 
1 meter on a side. How much lead would be required to shield the 
sample to meet these requirements? 
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19. The dose rate at 5 meters from a source of zlnc- 65 , which is contained 
within 2 cm thick aluminum, is 10 rad/hr. What is the activity of the 
source in Ci ? 
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V. Solutions: 


1. Radon and Thoron 
^ 2 06 Rn + 2 §$ Rn ) 

They are descendants of ^^Ra and (see page 363 , Pan 25). 

0 o - C 0 

2- Cu, - -2—^- 

C 2 a 45,200 
c x - 53,800 

0 - 0.270 for At * 20 

In reality we should subtract the background count from 45,200 cpm 
and 53,800 cpm to get C. and Co. Since 26 cpm is such a small 
number in comparison with 53,800 and 45,200, it will not make ouch 
difference in our answer so we will neglect it for this problem. 

Crr > *5.200 -T (51i.8QQ1CQ. 2TQ) 

1 - 0.270 

- 4 5,200 - 14,500 

0.73 

- 12*122 

0.73 

* 42,000 cpm 


3. 


yC i/ml 
V in ml 


cpm 



J 


4.505 * 10- 7 
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V 


x 


X 


= 3 hr x 


60 min 20 ft 3 2.83 x id* ml 


3.6 x 10 3 x-2.83 x 10^ ml = 102 x 10 6 ml 

E f x E c = 10$ 0.10 

HCi/ml = 2 ^ IQ 11 x 4. gO? x 10~ 7 

lo" 1 x 1.02 X 10° • 


= 8.83 x 10“ 10 |iCi/ml 


4. Yes. No. 


5. Efficiency = |EE 


dpm = ^oTSoT * 4 500° dpm 

45,000 dpm * l_Si| c = 750 dis/sec 

c 

rjcrn dis _ ICi 10 LlCi ^ -2 

sec X --i- 10 .. / X 1 Ci " 2, °3 x 10 dCi 

3.7 x 10 dxs/sec 


~ = 2- °3 x 10' U MOi/ml 
From Title 10, Part 20, Appendix B 

Table I, Column 2 - for ^ 3 ^Cs 
- 14 - 

have 3 x 10 (iCi/ml 
2.03 x 10“ 4 < 3 x 10“ 4 

Yes, storage tank solution can be disposed of through the sanitary 
sewage system. 

6. Correct reading to jiCi 

300,000 dis/min - .. , 

— fe o sec/mln " 5000 dls / Bec 

o 

5 x 10 dis/sec „ . _-7 _i 

-Tq -‘- = 1.35 x 10 Ci or 1.35 x 10 nCi 


3.7 X 10 dis/sec/Ci 


From App B 


Cu Sol 

1 x 10“ 2 (iCi/ml 


From App C 


100 M-Ci 
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10 . 


Xi 

0.693 

= -— n 

2 

M. 

Xi 

2 

= °- 693 n : 

0.930 

Xi 

= 0.745 cm 2.9 

2 


2 n 

= lk £ X . 


200 

2 n 

= 7.18 

p/p for 

0.875 Mev gamma in lead 


|i = (i/p x p = 0.0819cm x 11.35 


2.9 (2 n Table) 

X_ 

Xi 

2 

X 

0. 745 cm 
2.l6 cm 


p 

0.0819 cm /gm 
= 0.930 cm 1 


R at 1 

meter from surface 



d = 

1.5 meters 

n = 

4.0 

R 

0 

0.358 

2.25 

n = 

X 

Xi 

2 

R 

0 

160 mrad/hr 

4.0 

X 

O.745 cm 

R 

10 mrad/hr 

X = 

2.98 cm 

? n - 

160 
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2 n = 

16.0 



To meet all requirements, 

2.98 cm 

of lead must be used on 

side. 




This is a transport group 

IV item. 

A type B package must 


used since the limit for type A packages (20 Ci) is exceeded, 
but is below the limit for type B (200 Ci). 


b. Calculate the source strength (from page 405, Pam 25). 
S = O.56 nCE 

s = 0.56 x O.99 x 30 x 0.4118 

S = 6.84 rhm = 6840 mrhm 
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Surface Requirement 
d = 0.25 meter 

R = £ 


R 


d 1 " 

684o 


" (0.25) 

R = 109,440 mrad/hr 


3 ft (l m) Requirement 
d = I.25 meters 

R _ i 

o 2 

d 

R - 68I10 o 

R o - TO 5) 2 

R = 4,360 mrad/hr 


Reduce to 10 mrad/hr Reduce to 0.5 mrad/hr 

d/p for 0.412 gamma = 0.223 cm^/gm 

r 


0.10 


0.012 


0.400 

0.231 ' 

0.412 

P/p j 

0.500 

0. 161 

0.012 

X 

0. 100 

0.070 


0.070 


X = 


0.070 x 0.012 
0.100 
X = 0.0084 

d/p = 0.231 - 0.008 
= 0.223 


Xi 
2 

At Surface 


d = d/p x p = 0.223 x 11.35 = 2.53 cm 

= Q -593 = ^693 _ o. 274 cm 


-1 


2.53 

At 1 m from Surface 


R q = 109,440 mrad/hr R q = 4,360 mrad/hr 


R = 10 mrad/hr 

X l/2 = 0 * 277 


R = 


0.5 mrad/hr 


X l/2 = °* 277 




• = 10,944 2 n = = 8,720 
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n 


13.5 


n 


13.1 


X = nX 1 y 2 = 13.5 x 0.2T1+ X = nX 1 / 2 = 13 .I x 0.274 

X = 3.70'cm X = 3.59 cm 

To meet all requirements 3*70 cm of lead must "be used on each 
side. 

c. (l) Allow the isotope to decay in the storage vault until its 

activity is 20 Ci or less. Since the half-life is only 
2.7 days, it will take less than 2 days for the desired 
level to be attained. 

(2) The isotope can be divided and shipped in two separate 
type A packages. The activity in each would be 15 Ci, 
which is within the limit. 

d. Transport index is 0.5. This is within the acceptable limit 

( 50 ). 
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11 . 


Data on ^°Co (page 389, Pam 25) 

7 energy (total) - 2.5057 Mev ( 99 +< )0 


0 " energy -> O.319 Mev (99*#) 

S^» = 0 .56 nCE 

■ O.56 x O.99 x 198 Ci x 2.5057 Mev 
= 275 rhm 

®Brem = 1 - 8 5 * 10 ' U "CZE® 

= 1.85 x lO * 4 (O.99)(198)( 82 )( 0 . 319) 2 


= 0.302 rhm 

s t “ s r + s brem 

= 275 + 0.302 = 275.3 rhm 
Surface requirement (d = 0.25 m): 

R = S 


*n 


- ?- 75-3 rhnw 
(0.25 mV * 

= WOO rad/hr 


R 


x 10 mrad/hr 


= x 10 mrad/hr 
200 mrad/hr 

Ji 

= 2.2 x 10 = 22000 

= 1^.5 ( 2 n Table) 
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li/p for 1.332 Mev » 0.0581 cm 2 /gm 

p » 11.35 gm/cm 3 

» - = 0.0581 2J- x 11.35 

P cm 3 

* 0.659 cm -1 

Xjy 2 - 0.693/H 

= 0.693/0.659 cm” 1 
= 1.05 cm 


= 14.5 x 1.05 cm 
= 15.225 cm 

15.225 cm < 25 cm. Conditions in problem are possible for surface 
requirements. 


One meter requirement (d » 1.25 m): 


275.3 ri 
(1.25 m] 


176.2 rad/hr » 1.762 x 10 ^ mrad/hr 


1.762 x 10 ^ mrad/hr 
10 mrad/hr 

17620 

14.2 (2 n Table) 


14.2 x 1.05 cm 
14.9 cm 
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1^.9 cm < 25 cm. Conditions in problem are possible for 1 meter 
requirement. 

Yes, problem conditions are possible, but obviously not practical. 
12 . From problem (l): 


R 

o 


0.5 mrad/hr for White I label 

S 

R 

o 

2.783 x 1 q5 mrhm 
0.5 mrad/hr 

5.566 x 10 5 m^ 


13. 


d = 7^5 meters 

side of container = 2 x 74 $ meters = 

Again, highly impractical, 
e* C = 256 cpm - 6 cpm = 250.cpm at 

Cg 3 2l8 cpm - 6 cpm = 212 cpm at 
for (28 - 4 ) = 24 hours is 0.208 
C, 


LL 


C 2 " C l* 
1 - 9 

212 - 52 
1 - 0.208 

160 


0.792 


1490 meters 


4 hours 
28 hours 


= 202 cpm 

ml = (ft 3 ) x (2.832 x 10 4 ) 

= 10,000 ft 3 x 2.832 x 10 4 

= 2.832 x 10 8 ml 


dis/min-ml 


v(ml) 


'LL 


E ff x E fc 


_202 cpm _ 

2.832 x 10 8 ml x 0.80 x 0.05 

1.783 x 10~ 5 
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jxCi/ml = (dis/mln-mX) x 4.505 x 10 ~ 7 ) 

= 1.783 x 10" 5 x 4.505 x 10" 7 
= 8.03 x IQ -12 

-i 4 

b. Title 10 , Part 20 , Appendix B, Note 2 , establishes 2.0 x 10 
Hd/ml as the limiting value for an unknown radionuclide for 
Table II, Column 1 (lower limit for unrestricted area). 

8.03 x 10 ’ 12 pCi/ml > 2.0 x 10 “ 14 uCi/ml 

The concentration does exceed the limit for an unrestricted area, 

l 4 . Data on ^Tc (page 274 , Pam 25) 

y energies - Total 

0.32 ( 5 *) 

0.778 (100$) 

0.81 ( 84 $) 

0.851 (100$) 

1.12 (16$) 

S = O.56 CCnE 

= (0.56) ( 5 mCi)P( 0 . 05 )( 0 . 32 ) + (l)(o.778) + (o.84)(o.8l) + (l)(0.85l) + 

L (0.16)(1.12)J 

= (0.56)(5mCi)(0.016+0. 778 + 0 . 6804 + 0 .851+0.1792)=(0.56)( 5 ®Ci)(2.505) 

= 7.01 

Surface requirement: 

„2 S 7.01 mrhm 

d " B o * m mrad/Hr 

= 0.03505 m 2 

d = 0.187 meter 

container size = 2 x O.I87 * 0.374 meter 

One meter requirement: 

„2 S 7.01 mrhm 

4 = R 0 = WmriS/W' 

- 0.701 m 2 

d » O.838 meter 

Container size = 2 x O.838 * 1.676 meter. 

Use 1 meter requirement. Minimum size of container is 1, 676m 
per side. . 
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15. Refer to page 403, Pam 25, for energies and percentages for source 
strength. 


P” energy and percentages 

0.672 Mev (49*) 

0.536 Mev (42$) 

0.24 Mev (4.5$) 

Refer to page 403, I*am 25, 
for maximum beta energy 
for shielding - 0.672 Mev. 

Neglect p”, p + , and 7 energies a 
16. Data on ^*^Ce (page 401, Pam 25 ) 


7 energy and percentages 

1.20099 (M$) 

0.92087 (42$) 

0.78454 (49$) 

0.6904 (3-9$) 

Refer to page 342, Pam 25, 
far maximum gamma energy for 
shielding - 0.612 Mev. 

less than 3$ frequency. 


7 energy - 0.1453 Mev (70$) 

86 

Data on Rb (page 391, Pam 25) 


7 energy - 1.078 Mev (8.8$) 

Data on 20 ^Hg (page 405, Pam 25) 

7 energy - 0.2791 Mev (100$) 
198 

Data on Aug (page 405, Pam 25) 
7 energy - 0.4ll8 Mev (99$) 


Neglect all particulate energies. 



S = R Q d 2 c 5»5 mrad/hr x (2 m) 2 
* 22 mrhm 


Calculate the activity of each of the radionuclides equivalent to a 
source strength of 22 mrhm. 

S = O .56 nCE 

C = —I— 

O .56 nE 
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17. 


for lla Ce: 


_ 22 mrhm 

c " 0.56 x 0.7 X 0.14543 Mev 


for^Rb: 


386 mCi - Impossible (> 100 mCi) 


_ 22 mrhm 

0.56 x 0.008 x 1 . 07 a ^ev 

4 l 4 mCi - Impossible 


for 203 Hg: 


22 mrhm _ 

0.56 x 1.0 x 0.2791 Mev 

l 4 l mCi - Impossible 


22 mrhm 


for ^Au: 

C = 0.56 x 0.$9 x 0 . 41 l 8 Mev 

a 96.4 mCi 

Thus, ^Au must be the unknown radionuclide. 

a. Data on (page 282 , Pam 25) 

y energies - 0.08 ( 5 ^) 

0.434 

0 . 6 l 4 .. 

0.722 ( 90 ^) 


S = 0.56 C£nE 

- (0.56)(1.5 BCi)[(0.05)(0.08)+(0.89)(0>B4)+(0,9)(0.6l4H0^9^ 

= (0.56)(l.5mCi)(0.004+0.386+0.553+0.650) 

= 1.339 mrhm 
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1.339 nirhm 
(0.25 m) 2 

= 21.4 mrad/hr 

Radioactive White I label requires that the surface dose rate 
be less than 0.5 mrad/hr. 

Thus, this source cannot be shipped under a White I label, 
b. R = 21.4 mrad/hr 

R = ? 

X = 1 cm 


Use E = 0.722 Mev 

Tmax 

p 

n/p = 0.1027 cm /gm 

2 3 

H = n/p x p = 0.1027 cm /gm x 11.35 giVcnr 

= 1.167 cm ^ 


Xi - 2^2 - 2 -633 . 0.594 cm 

2 ^ 1.167 cm 

X 3 cm c 

n Xi 0.594 cm 5,05 
2 

2 n = 32 (2 n Table) 



= O .669 ma d/hr 

Thus, the source cannot be shipped radioactive White I label 
when we consider 3 cm of lead shielding since the dose rate 
is greater than 0.5 mrad/hr. 


826 



18 . Data on 73 As (page 256, Pam 25 ) 
y energy - 0 . 05 ** Mev ( 9 ^) 

No particulate energy. 

S a 0.56 nCE 

= 0.56 x 0.09 x 100 oCi x 0 . 05 1 * Mev 

3 0.272 mrhm 

Surface requirement: 

S 0.272 mrhm 

R a “5 = ~2 

0 d 2 ( 0.5 m) 

3 1.09 mrad/hr < 10 mrad/hr OK 

One meter requirement: 

S 0 . 272 ' mrhm 

R ° " d 2 ( 1.5 m) 2 

= 0.0121 mrad/hr 

0.0121 mrad/hr < 0.5 mrad/hr OK 

Thus, no shielding is necessary to meet Yellow II label requirements. 

19. Data on 65 Zn (page 390 , Pam 25) 

7 energies - 1.115 Mev (** 9 ^) 

R 3 10 rad/hr 

X - 2 cm 



2 

0.0587 cm /gm 

O 

2.699 gm/cnr 

0 3 

Hp = 0.0587 cm /gm x 2.699 gm/c® 

P 



= **.39 cm 
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n - — - f cm 

\/ 2 ~ 4.39 cm 

= 0.456 

2 n 1.415 ( 2 n Table) 

= R x 2 n = 10 rad/hr x 1.415 

= 14.15 rad/hr 

p - 

S = R Q d = 14.15 rad/hr x (5 m) 

= 354 rhm 

S = O .56 nCE 

S = O .56 x 0.49 x C x 1.115 Mev = 0.306 C rhm 

Since S = 354 rhm 

p 354 rhm 
0.306 

= 
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Notes: 
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REFERENCES FOR RADIOLOGICAL SAFETY 


DZ 040 





DZ040, References for Radiological Safety 


I. References. 

A. Special Texts and Pamphlets. 

1. ST 3-155, The Theory and Operation of Raiiac Instruments. 

2. Para 25, Radiological Handbook. 

3 . Radiological Safety Handbook. 

B. Department of the Army Publications. 

1. General: 

FM 3-3, Chemical Corps Reference Handbook 

FM 3-12, Operational Aspects of Radiological Defense. 

FM 21-40, Chemical, Biological, Radiological and Nuclear Defense. 
FM 21-21, Soldier's Handbook for Defense Against Chemical and 
Biological Operations and Nuclear Warfare. 

TM 38-750, The Army Maintenance Management System (TAMMS). 

DA Pam 39-3, The Effects of Nuclear Weapons. 

2. Accident Control and Emergency Procedures. 

AR 50-2, Nuclear Weapon Accident and Incident Control (NAIC) 

AR i+0-13, Radiological Emergency Medical Teams (REMI 1 ) . 

FM 3-15, Nuclear Accident Contamination Control. 

T3 335-2, Nuclear Weapons Firefighting Procedures. 

TM 3-220, CBR Decontamination. 

TM 5-225, Radiological and Disaster Recovery at Fixed 
Military Installations. 

TM 5 - 315 , Firefighting and Rescue Operations. 

DA Pam 350-9, Training in First Aid and Emergency Medical 
Treatment. 

3. Radiac Dose Rate Instruments, 
a. General. 

T 6 Sig 225, Identification and Handling of Radioactive 
Signal Items. 

T 8 Sig 3^6, Maintenance of Radiac Equipment. 

TB 11-6665-229-15/1, Calibration and Maintenance Calibration 
Requirements for Raiiac Equipment. 
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b. Radiac Set AN/PDR-27(J). 

TM 11-5543, Radiac Sets AN/PDR-27(A), AN/PDR-27(C), 

M/PDR-27(E) . 

TM 11-6665-201-12P, Radiac Sets AN/PDR-27(A), AN/PDR-27(E), 
AH/PDR-27(G), AN/PDR-27(J), AN/PDR-27(K). 

TM 11-6665-209-15, Radiac Sets AN/PDR-27(J), AN/PDR-27(L), 
M/PDR-27(Q). 

TM 11-6665-223-15, Radiac Set AN/PDR-27(G). 

TM 11-6665-224-15, Radiac Set AN/PDR-27(P). 

TM 11-6665-230-15, Radiac Set AN/PDR-27(R). 

c. Radiac Set AN/PDR-54. 

TM 11-6665-203-15, Radiac Set AN/PDR-54. 

d. Radiac Set AN/PDR-60 (IM-170). 

TM 11-6665-216-15, Radiac Set A3ff/PDR-60 (PAC-ISAG). 

TM 11-6665-221-15, Radiac Set AN/PDR-60 (PAC-1SAGA). 

e. Radiacmeter, IM-174( )/PD. 

TM H-6665-213-12, Radiac,'meter IM-174/PD. 

TM 11-6665-232-12, Radiacmeter IM-174(A)/PD. 

Radioactive Test Samples, Calibrators, and the Army Calibration 
System. 

a. General. 

AR 700-52, Licensing and Control of Sources of Ionizing 
Radiation. 

AR 725-1, chapter 3 , Control of Radioactive Calibration 
and Test Items of Supply. 

AR 750-25, Army Metrology and calibration System. 

FM 39-27, Army Calibration Company. 

TB Med 249, Protection Against Radiation from Sealed 
Gamma Sources (NBS Handbook 73) • 

b. Radiac Calibrator, AN/UDM-IA. 

TM 11-6665-217-15, Radiac Calibrator Set, AN/UDM-IA. 

c. Radiac Calibrator AN/lDM-6. 

TB 3-6665-203-12, Calibrator, Radiac, AN/UDM-6. 
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d. Radiac Calibrator Set, T3-784( )/PD. 

TB 11-6665-204-12, Safe Handling, Storage, and Trans¬ 
portation of Calibrators, Radiac, T3-784( )/PD. 

TM 11-6665-204-12, Calibrators, Radiac, TS-784( )/PD. 

TM 11-6665-204-50, Calibrators, Radiac, TS-784( )/PD. 

TB 9-6665-280-50, Calibration Procedures for Radiac 
Calibrator TS-784( )/PD. 

e. Source Set M3 and M 3 AI. 

TM 3-6665-214-15, Radioactive Source Sets M3 and M 3 AI. 

SB 3-30-209, Radioactive Source Set M3, Serviceability 
Standard. 

f. Test Sample, M 6 . 

TB Cml 52, Radioactive Test Sample, Strontium-90, 
Yttrium- 90 , M6. 

g. Test Sample, M7. 

TM 3 - 6665 - 27 I-IO, Radioactive Test Sample, Uranium Oxide, 
Alpha, Mj'. 

h. Test Sample, M 8 . 

AMTC 1639 , Radioactive Test Sample, UgOg, M8. 

TM 3-6665-300-10, Radioactive Test Sample, Uranium Oxide, 
Alpha, M3. 

i. Test Sample, M 9 . 

TB 3-6665-259-10, Radioactive Test Sample, M9. 

TB 9 - 6665 - 28 O- 5 O, Calibration Procedures for Radiac 
Calibrator TS-784( )/PD. 

j. Test Sample, MX1083( )/PDR-27( ). 

TB 3-6665-200-12, Radioactive Test Sample MX1033/PDR-27. 

T3 3 - 6665 - 201 - 12 , Radioactive Test Sample MXIO 83 B/PDR- 27 . 

TB 3-6665-204-12, Radioactive Test Sample MXIOS 3 D/PDR- 27 . 

SB 3-30-300, Radioactive Test Samples, Serviceability 
Standard. 

k. Test Sample, MX7338/PDR-27R. 

TM 3-6665-264-10, Radioactive Test Sample MX7338/PDR-27R. 
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5. Radiation Dosimetry. 

AR 14-0-27, Personnel Radiation Exposures. 

AR 40-14, Control and Recording Procedures Occupational 
Exposure to Ionizing Radiation. 

TB Sig 226-8, Charger, Radiac Detector, PP-1578A/PD. 

TB 11-6665-215-12/1, Charger, Radiac Detector, PP-1578A/PD. 

TM 11-6665-214-10, Radiacmetera IM-93( )/'0D, IM-147/PD, 
and IM-9E/PD. 

SB 11-206, Film Badge Supply and Service for Technical. 

Radiation Exposure Control. 

6. Waste Disposal. 

AR 755-15, Disposal of Unwanted Radioactive Material. 

TM 3-2o0, Operation of Radioactive Material Disposal Facilities. 
TM 3-26l, Handling and Disposal of Unwanted Radioactive Material. 
SB 5-10'S, Disposition of Excess Radioactive Engineer Personal 
Property. 

7. Transportation of Radioactive Materials. 

AR 55 - 55 , Transportation of Radioactive Fissile Materials 
Other than Weapons. 

TB TC 7, Safe Transport of Radioactive Materials. 

TM 55-802, Movement of Special Freight. 

C. NCRP Reports. 

1. No. 8, Control and Removal of Radioactive Contamination in 
Laboratories (l95l)* 

2. No. 9, Recommendations for Waste Disposal of Phosphorous-32 

and Iodine-131 for Medical Users ( 1951 ). 

3. No. 12, Recommendations for the Disposal of Carbon-l4 
Wastes (1953). 

4. No. 14, Protection Against Betatron-Synchrotron Radiations 

up to 100 Million Electron Volts (1954). 

5 . No. l6, Radioactive Waste Disposal in the Ocean (1954). 

6 . No. 17, Permissible Dose from External Sources of Ionizing 
Radiation (1954) with Addendum (1958), 

7. No. 20, Protection Against Neutron Radiation up to 39 Million 
Electron Volts. 
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8. No. 21, Safe Handling of Bodies Containing Radioactive 
Isotopes (1958). 

9. No. 22, Maximum Permissible Body Burdens and Maximum 
Permissible Concentrations of Radionuclides in Air and Water 
for Occupational Exposure (1959) with addendum (1963). 

10. No. 23, Measurement of Neutron Flux and Spectra for Physical 
and Biological Applications (I960). 

11. No. 24, Protection Against Radiations from Sealed Gamma 
Sources (I960). 

12. No. 25, Measurement of Absorbed Dose of Neutrons and Mixtures 
of Neutrons and Gamma Rays (1967). 

13. No. 26, Medical X-Ray Protection up to Three Million Volts 
(1961). 

14. No. 27, Stopping Powers for Use with Cavity Chambers (1961). 

15. No. 28, A Manual of Radioactivity Procedures (1961). 

16. No. 29, Exposure to Radiation in an Emergency. 

17. No. 30, Safe Handling of Radioactive Materials (1964). 

18. No. 31, Shielding for High-Energy Electron Accelerator 
Installations (1964). 

19. No. 32, Radiation Protection in Educational Institutions (1966). 

20. No. 33, Medical X-Ray and Gamma-Ray Protection for Energies 
up to 10 Mev - Equipment Design and Use (1968). 

21. No. 34, Medical X-Ray and Gamma-Ray Protection for Energies 
up to 10 Mev - Structural Shielding Design and Evaluation (1970). 

22. No. 35, Dental X-Ray Protection (1970). 

Note: NCRP reports have replaced National Bureau of Standards Handbooks. 

They are available from; 

NCRP Publications 
Post Office Box 4867 
Washington, D. C. 20008 
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D. Code of the Federal Register, Title 10. 

1. Part 20, Standards for Protection. 

2. Part 30; Licensing of Byproduct Material. 

3. Part 31; Radiation Safety Requirements for Radiographic 
Operations. 

1. Part 40, Control of Source Material. 

5. Part TO, Control of Special Nuclear Material. 

E. Tarrif No. 23, Agent T.C. George, Publisher, Department of 

Transportation. Transportation of Explosives and Other Dangerous 

Articles by Land and Water in Rail Freight Service and by Motor 

Vehicles and Water, including Specifications for Shipping Containers. 

F. -Jerome E. Summer, Jr., "General Handbook for Radiation Monitoring," 

LA-1835 (3'1 Ed.), Los Alamos Scientific Laboratory, Los Alamos, New 

Mexico, 195S. 

G. Handbooks. 

1. Table of Isotopes, 6 th Ed., C. M. Lederer, J. M. Hollander, and 
I. Periman, 1967 , John Wiley & Sons, Inc., New York. 

2. Radiological Health Handbook, Jan 1970, US Dept of HEW, PHS; 
Rockville, Md 20852 . 

H. Textbooks. 

1. T. Moeller, "Inorganic Chemistry," John Wiley & Sons, 1952. 

2. R. D. Evans, "The Atomic Nucleus," McGraw-Hill Book Co., 1955- 

3 . J. B. Birks, "Scintillation Counters," Pergamon Press, New 
York, i 960 . 

4. M. Haissinsky, "The Chemical and Biological Action of Radiations," 
Academic Press, London, 1961 . 

5 . A. A. Keil, "Radiation Control for Fire and other Emergency 
Forces," National Fire Protection Association, i 960 . 

6 . R. T. Overman and H. M. Clar, "Radioisotope Techniques," 
McGraw-Hill Book Co., i 960 . 
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7. G. D. Chase and J. L. Rabinowitz,"Principles of Radioisotope 
Methodology,” Burgess Publishing Co., 1962 . 

8 . W. J. Moore, "Physical Chemistry," 2d Ed., Prentiss Hall, Inc., 
1955. 

9 . E. deBarry Barnell and C. L. Wilson, "Inorganic Chemistry, 

2d Ed., Longmans, Green & Co., 1957. 

10. H. Semat, "Introduction to Atomic and Nuclear Physics," 4th 
Ed., Rinehart & Co., 1954. 

11. G. Friedlander and J. W. Kennedy, "Nuclear and Radiochemistry," 
John Wiley & Sons, 1955* 

12. H. Blatz, Editor, "Radiation Hygiene Handbook," McGraw-Hill 
Book Co., 1958. 2d Ed., 1964. 

13. W. J. Price, "Nuclear Radiation Detection,".McGraw-Hill Book 
Co., 1958. 2d Ed., 1964. 

I. Periodicals. 

1. G. N. Walton, "Nuclear Fission," Quarterly Reviews Vj , 1 , 1961 . 

2. W. L. Bush and R. K. Swank, "Efficient Plastic Scintillators," 
Nucleonics 11, 11, 1953 . 

3 . R. K. Swank, Nucleonics 12, l4, 1954. 

J. Other Publications. 

1. Oak Ridge Radioisotope Conference, "Research Application to 
Physical Science and Engineering," 1963 . 

2. H. Goldstein and J. E. Wilkins, Jr., "Calculations of the 
Penetration of Gamma Rays," NY03075* USAEC. 
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II. Lesson Plan Outline: 

A. As new uses for ionizing radiation are being incorporated into the 
military, the quantity of radioisotopes and radiation producing devices at 
individual US Army installations is increasing immeasurably. There has been 
a corresponding increase in the need for qualified Radiological Protection 
Officers (RPO). Interviews with Chemical Officers at various installations 
indicate that usually a Chemical Corps Officer is assigned the additional 
duty of RPO. The purpose of this article is fourfold: 

1. To define the duties of the RPO. 

2. To list pertinent references necessary for the performances of 
these duties. 


3. To give additional information not covered by regulations. 

4. To list the training available in radiological safety. 

B. A Radiological Protection Officer is defined by Army regulation as: 
"an individual designated by the commander or activity to provide consultation 
and advice on the degree of hazards associated with ionizing radiation and the 
effectiveness of measures to control these hazards." His specific duties 
include advising the commander and his staff on the handling, storage, and 
shipping of radioactive material and radioactive waste. The RPO conducts 
environmental surveys to include instrument surveys, radiological smears 

or wipes, and air sampling, as required. The RPO is required to conduct a 
semiannual physical inventory of all radioactive materials under his control 
and maintain appropriate records. He will have to maintain some type of 
dosimetry and appropriate records for any radiation workers he may have 
on the installation. And finally, the RPO may be required to have a 
Nuclear Regulatory Commission (NRC) license or DA authorization for 
certain types and quantities of radioactive materials. 

C. It becomes obvious that the title Radiological Protection Officer may 
encompass anything from an assigned additional duty to a full time job 
depending on the type and amount of radioactive materials or radiation 
producing devices on the installation. In order to fulfill his assigned duties, 
the RPO must be familiar with the pertinent basic regulations Congress has 
established, by law, the general radiological safety requirements. These 
requirements are contained in Title 10, Code of Federal Regulations (10 CFR) 
which is available from the Government Printing Office. Part 20, 10 CFR, 
Standards for Protection Against Radiation, is the basic reference for 
radiological safety. Parts 30, 31, 33, 34, and 40 apply to specific licensing 
requirements for NRC licenses. The Army regulations all use 10 CFR as a 
basic reference. 
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D. While the previously listed reference materials may appear 
exhaustive, not all the information needed can be readily extracted. For 
example, no individual license or DA authorization is required for the M3 
Source Set or the TS-784 Radiac Calibrator. These items are licensed to 
APG-EA (M3) and to Lexington Army Depot (TS-784). Additional information 
is contained in AR 725-1, chapter 3, dated 22 September 19 70. Film badge 
service is available from Lexington Army Depot and Sacramento Army Depot. 
Pertinent information is contained in SB 11-206. The US Army Environmental 
Hygiene Agency provides radiological hygiene surveys and investigations in 
accordance with AR 725-1, chapter 3. These surveys are by request, but 
must be made at least once every 3 years. Technical advice on safe handling 
and storage of radioactive materials is available from the Surgeon General 
in accordance with AR 700-52. It should be apparent that the Radiological 
Protection Officer has a wide variety of duties and considerable responsibility. 
The necessary training to satisfactorily accomplish his job is available by 
both resident instruction (Radiological Safety Course, 3 weeks) and 
correspondence courses (SC 345 and 346) from the US Army Ordnance 
Center and School. Courses are also taught by the Department of Health, 
Education and Welfare. Public Health Service catalogs can be obtained 
from: 


Director, Training and Manpower Development Program 
National Center for Radiological Health 
1901 Chapman Avenue 
Rockville, Maryland 20852 


III. Handouts: None 

IV. Problems: None 

V. Solutions: None 
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UNITED STATES NUCLEAR REGULATORY COMMISSION 

RULES and REGULATIONS 

TITLE 10, CHAPTER 1, CODE OF FEDERAL REGULATIONS—ENERGY 



NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS; 
INSPECTIONS 


Sec. 

19.1 Purpose. 

19.2 Scope. 

19.3 Definitions. 

19.4 Interpretations. 

19.5 Communications. 

19.11 Posting of notices to workers. 

19.12 Instruction to workers. 

19.13 Notifications and reports to individuals 

19.14 Presence of representatives of licensees 
and workers during inspections. 

19.1 5 Consultation with workers during in¬ 

spections. 

19.16 Requests by workers for inspections. 

19.17 Inspection not warranted; informal re r; 

view. cn 

19.30 Violations. £| 

19.31 Application for exemptions. q- 

19.32 Discrimination prohibited. u. 


Authority: Secs. 53, 63 , 81, 103, 104, 161, 
Pub. L. 83-703, 68 Stat. 930, 933, 935, 936, 
937. 948. as amended (42 TJ.S.C. 2073. 2093. 
2111, 2133, 2134, 2201); Sec. 401, Pub. L. 93- 
438, 88 stat. 1254 (42 U.8.C. 5891) 


§ 19.1 Purpose. 

The regulations in this part establish 
requirements for notices, instructions, 
and reports by licensees to individuals 
participating in licensed activities, and 
options available to such individuals in 
connection with Commission inspections 
of licensees to ascertain compliance with 
the provisions of the Atomic Energy Act 
of 1954, as amended. Title n of the En- £ 
£ ergy Reorganization Act of 1974, and reg- £o 
eo ulations, orders, and licenses thereunder tr 
jj regarding radiological working condi- LJ - 
o tions. ° 

§ 19.2 Scope. 

The regulations in this part apply to 
all persons who receive, possess, use, or 
transfer material licensed by the Nuclear 
Regulatory Commission pursuant to the 
regulations in Parts 30 through 35, 40, 
or 70 of this chapter, including persons li¬ 
censed to operate a production or utili¬ 
zation facility pursuant to Part 50 of £ 
this chapter. 

“ M 

[I 19.3 Definition*. > DC 

r- a. 

As used in this part ; gj 

(a) "Act” means the Atomic Energy 
k Act of 1954, (68 Stat. 919) including any 
a- amendments thereto; 

$3 (b) “Commission” means the United States 
| Nuclear Regulatory Commission; 


(c) “Worker” means an individual 
engaged in activities licensed by the Com-' 
mission and controlled by a licensee, 
but does not include the licensee. 

(d) "License” means a license issued I 
under the regulations in Parts 30 through 
35, 40, or 70 of this chapter, including | 
licenses to operate a production or utili¬ 
zation facility pursuant to Part 50 of this 
chapter. "Licensee” means the holder of 
such a license. 

(e) "Restricted area” means any area 
access to which is controlled by the li¬ 
censee for purposes of protection of in¬ 
dividuals from exposure to radiation and 
radioactive materials. “Restricted area” 
shall not include any areas used as resi¬ 
dential quarters, although a separate 
room or rooms in a residential building 
may be set apart as a restricted area. 

§ 19.4 Interpretations. 

Except as specifically authorized by the 
Commission in writing, no interpretation 
of the meaning of the regulations in this 
part by any officer or employee of the 
Commission other than a written in¬ 
terpretation by the General Counsel will 
be recognized to be binding upon the 
Commission. 

§ 19.5 Communications. 

Except where otherwise specified in 
this part, all communications and reports 
concerning the regulations in this part 
should be addressed to the Director, Of¬ 
fice of Inspection and Enforcement, U.S. 
Nuclear Regulatory Commission, Wash¬ 
ington, D.C. 20555. Communications, re¬ 
ports, and applications may be delivered! 
in person at the Commission’s offices at' 
1717 H Street, NW„ Washington, D.C.; 
or at 7920 Norfolk Avenue, Bethesda, 
Maryland. 

§ 19.11 Posting of notices to workers. 

(a) Each licensee shall jxwt current 
copies of the following documents; Cl) 
The regulations in this part and in Part 
20 of this chapter; (2) the license, license 
conditions, or documents Incorporated 
into a license by reference, and amend¬ 
ments thereto; (3) the operating proce¬ 
dures applicable to licensed activities; 
(4) any notice of violation involving 
radiological working conditions, proposed 
imposition of civil penalty, or order is-. 


I sued pursuant to Subpart B of Part 2 of 
pi this chapter, and any response from the 
cn licensee. 

(b) If posting of a document specified 1 
cr in paragraph (a) (1), (2) or (3) of this 
section is not practicable, the licensee 
{5} may post a notice which describes the 

L document and states where it may be 
examined. 

j (c) Form NRC-3, “Notice to Em¬ 
ployees”, shall be posted by each li- 
| censee wherever individuals work in or 
£ frequent any portion of a restricted area. 

r** 

oo Note: Copies of Form NRC-3 may be ob¬ 
oe tained by writing to the Director of the 
appropriate U.S. Nuclear Regulatory Com- 
§ mission Inspection and Enforcement Re- 

L glonal Office listed in Appendix "D”, Part 20 
of this chapter, or the Director, Office of In¬ 
spection and Enforcement. U.S. Nuclear Reg¬ 
ulatory Commission, Washington, D.C. 20555. 

(d) Documents, notices, or forms' 
posted pursuant to this section shall ap¬ 
pear in a sufficient number of places to 
permit individuals engaged in licensed 
activities to observe them on the way to 
or from any particular licensed activity 
location to which the document applies, 
shall be conspicuous, and shall be re¬ 
placed if defaced or altered. 

(e) Commission documents posted 
pursuant to paragraph (a) (4) of this 
section shall be posted within 2 working 
days after receipt of the documents from 
the Commission; the licensee's response, 
if any, shall be posted within 2 working 
. days after dispatch by the licensee. Such 
£ documents shall remain posted for a 
cn minimum of 5 working days or until ac- 
q! tion correcting the violation has been 
u. completed, whichever Is later. 

§ 19.12 Instructions to workers. 

All individuals working In or frequent¬ 
ing any portion of a restricted area shall 
be kept informed of the storage, trans¬ 
fer, or use of radioactive materials or of 
radiation in such portions of the re¬ 
stricted area; shall be instructed in the 
health protection problems associated 
with exposure to such radioactive mate¬ 
rials or radiation, in precautions or pro¬ 
cedures to minimize exposure, and in the 
purposes and functions of protective de¬ 
vices employed; shall be Instructed in, 
and instructed to observe, to the extent 
within the worker’s control, the applica¬ 
ble provisions of Commission regulations 
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and licenses for the protection of per¬ 
sonnel from exposures to radiation or 
radioactive materials occurring in such 
areas; shall be Instructed of their re¬ 
sponsibility to report promptly to the li¬ 
censee any condition which may lead to 
or cause a violation of Commission regu¬ 
lations and licenses or unnecessary ex¬ 
posure to radiation or to radioactive ma¬ 
terial; shall be Instructed In the appro¬ 
priate response to warnings made In the 
event of any unusual occurrence or mal¬ 
function that may Involve exposure to 
radiation or radioactive material; and 
shall be advised as to the radiation ex¬ 
posure reports which workers may re¬ 
quest pursuant to § 19.13. The extent of 
these instructions shall be commensur¬ 
ate with potential radiological health 
protection problems in the restricted 
area. 

§ 19.13 Notifications and reports to in¬ 
dividuals. 

(a) Radiation exposure data for an 
Individual, and the results of any meas¬ 
urements, analyses, and calculations of 
radioactive material deposited or re¬ 
tained in the body of an individual, shall 
be reported to the Individual as specified 
in this section. The Information reported 
shall include data and results obtained 
pursuant to Commission regulations, or¬ 
ders or license conditions, as shown in 
records maintained by the licensee pur¬ 
suant to Commission regulations. Each 
notification and report shall: be in writ¬ 
ing; include appropriate Identifying data £ 
such as the name of the licensee, the cn 
name of the Individual, the individual’s £ 
social security number; Include the indi- u. 
vldual's exposure information; and con- $ 
tain the following statement: 

This report is furnished to you under the provi¬ 
sions of the Nuclear Regulatory Commission regu¬ 
lation 10 CFR Part 19. You should preserve this 
report for further reference. 

(b) At the request of any worker, each 
licensee shall advise such worker annu¬ 
ally of the worker's exposure to radiation 
or radioactive material as shown in rec¬ 
ords maintained by the licensee pursu¬ 
ant to I 20.401(a) and (c). 

(c) At the request of a worker former¬ 
ly engaged In licensed activities con¬ 
trolled by the licensee, each licensee shaU 
furnish to the worker a report of the 
worker’s exposure to radiation or radio¬ 
active material. Such report shall be fur¬ 
nished within 30 days from the time the 
request is made, or within 30 days after 
the exposure of the individual has been 
determined by the licensee, whichever is 
later; shall cover, within the period of 
time specified in the request, each calen¬ 
dar quarter in which the worker’s ac¬ 
tivities involved exposure to radiation 
from radioactive materials licensed by 
the Commission; and shall include the 
dates and locations of licensed activities 
in which the worker participated during 
this period. 

(d) When a licensee is required pur¬ 
suant to $ 20.405 or § 20.408 of this chap¬ 
ter to report to the Commission any ex¬ 
posure of an individual to radiation or 
radioactive material the licensee shall 
also provide the individual a report on 
his exposure data included therein. Such 


report shall be transmitted at a time 
not later than the transmittal to the 
Commission. 

§ 19.14 Presence of representatives of 
licensees and workers during inspec¬ 
tions. 

(a) Each licensee shall afford to the 
Commission at all reasonable times op¬ 
portunity to inspect materials, activities, 
facilities, premises, and records pursu¬ 
ant to the regulations in this chapter. 

(b) During an inspection, Commission 
inspectors may consult privately with 
workers as specified in 519.15. The li¬ 
censee or licensee’s representative may 
accompany Commission inspectors dur¬ 
ing other phases of an inspection. 

(c) If, at the time of inspection, an 
individual has been authorized by the 
workers to represent them during Com¬ 
mission inspections, the licensee shall 
notify the inspectors of such authoriza¬ 
tion and shall give the workers’ repre¬ 
sentative an opportunity to accompany 
the inspectors during the inspection of 
physical working conditions. 

(d) Each workers’ representative shall 
be routinely engaged in licensed activi¬ 
ties under control of the licensee and 
shall have received instructions as spec¬ 
ified in § 19.12. 

(e) Different representatives of li¬ 
censees and workers may accompany the 
inspectors during different phases of an 
inspection if there is no resulting inter¬ 
ference with the conduct of the inspec¬ 
tion. However, only one workers’ repre¬ 
sentative at a time may accompany the 
inspectors. 

(f) With the approval of the licensee 
and the workers’ representative an in¬ 
dividual who is not routinely engaged 
in licensed activities under control of 
the license, for example, a consultant 
to the licensee or to the workers’ repre¬ 
sentative, shall be afforded the oppor¬ 
tunity to accompany Commission inspec¬ 
tors during the inspection of physical 
working conditions. 

(g) Notwithstanding the other provi¬ 
sions of this section. Commission inspec¬ 
tors are authorized to refuse to permit 
accompaniment by any individual who 
deliberately interferes with a fair and 
orderly inspection. With regard to areas 
containing information classified by an 
agency of the U S. Government in the 
interest of national security, an individ¬ 
ual who accompanies an inspector may 
have access to such information only if 
authorized to do so. With regard to any 
area containing proprietary information, 
the workers’ representative for that area 
shall be an individual previously author¬ 
ized by the licensee to enter that area. 

§ 19.15 Consultation with workers dur¬ 
ing inspections. 

(a) Commission inspectors may con¬ 
sult privately with workers concerning 
matters of occupational radiation protec¬ 
tion and other matters related to ap¬ 
plicable provisions of Commission regu¬ 
lations and licenses to the extent the in¬ 
spectors deem necessary for the conduct 
of an effective and thorough inspection. 

(b) During the course of an inspection 
any worker may bring privately to the 
attention of the Inspectors, either orally 
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or in writing, any past or present condi¬ 
tion which he has reason to believe may 
have contributed to or caused any vio¬ 
lation of the act, the regulations in this 
chapter, or license condition, or any un¬ 
necessary exposure of an Individual to 
radiation from licensed radioactive ma¬ 
terial under the licensee's control. Any 
such notice in writing shall comply with 
the requirements of ( 19.18(a). 

(c) The provisions of paragraph (b> 
of this section shall not be interpreted as 
authorization to disregard instructions 
pursuant to $ 19.12. 

§ 19.16 Requests by workers for inspec¬ 
tions. 

(a) Any worker or representative of 
workers who believes that a violation of 
the Act, the regulations in this chapter, 
or license conditions exists or has oc¬ 
curred in license activities with regard to 
radiological working conditions in which 
the worker is engaged, may request an 
inspection by giving notice of the alleged 
violation to the Director of Inspection and En¬ 
forcement, to the Director of the appro¬ 
priate Commission Regional Office, or to 
Commission inspectors. Any such notice 
shall be in writing, shall set forth the 
specific grounds for the notice, and shall 
be signed by the worker or representa¬ 
tive of workers. A copy shall be provided 
the licensee by the Director of Inspection and 
Enforcement, Regional Office Director, 

or the inspector no later than at the time 
of inspection except that, upon the re¬ 
quest of the worker giving such notice, 
his name and the name of individuals 
referred to therein shall not appear in 
such copy or on any record published, 
released, or made available by the Com¬ 
mission, except for good cause shown. 

(b) If, upon receipt of such notice, the 
Director of Inspection and Enforcement or Re¬ 
gional Office Director determines that 

the complaint meets the requirements set 
forth in paragraph (a) of this section, 
and that there are reasonable grounds to 
believe that the alleged violation exists 
or has occurred, he shall cause an in¬ 
spection to be made as soon as practica¬ 
ble, to determine if such alleged violation 
exists or has occurred. Inspections pur¬ 
suant to this section need not be limited 
to matters referred to in the complaint. 

(c) No licensee shall discharge or in 
any manner discriminate against any 
worker because such worker has filed any 
complaint or instituted or caused to be 
instituted any proceeding under the 
regulations in this chapter or has testi¬ 
fied or is about to testify in any such pro¬ 
ceeding or because of the exercise by 
such worker on behalf of himself or 
others of any option afforded by this 
part. 

§19.17 Inspections not warranted; in¬ 
formal review. 

(a) If the Director of Inspection and Enforce¬ 
ment or of the appropriate Regional 
Office determines, with respect to a com¬ 
plaint under S 19.16, that an inspection 
is not warranted because there are no 
reasonable grounds to believe that a vio¬ 
lation exists or has occurred, he shall no¬ 
tify the complainant in writing of such 
determination. The complainant may 
obtain review of such determination by 
submitting a written statement of posi- 
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tion with the Executive Director for Operations,! discrimination under any program or ac- 
us - ^lear Regulatory Commission, Washing- [ tivity licensed by the Nuclear Regulatory 
ton, D.C. 20555, who will provide the licensee | Commission. This provision will be en- 
witti a copy of such statement by certi- £ forced through agency provisions and 
fled mail, excluding, at the request of the £ rules similar to those already established, 
complainant, the name of the complain- K with respect to racial and other discrim- 
ant. The licensee may submit an oppos- u. ina ti 0 n, under title VI of the Civil Rights 
tag written statement of position with ° Act of 1964. This remedy is not exclu- 


the Executive Director for Operations who will 
provide the complainant with a copy of such 
statement by certified mail. Upon the request 
of the complainant, the Executive Director for 
Operations or his designee may 


however, and will not prejudice or 
any other legal remedies avail- 
a discriminatee. 


hold an informal conference in which 
the complainant and the licensee may 
orally present their views. An informal 
conference may also be held at the re¬ 
quest of the licensee, but disclosure of the 
identity of the complainant will be made 
only following receipt of written author¬ 
ization from the complainant. After con¬ 
sidering all written and oral views pre¬ 
sented, the Executive Director for Operations 
shall affirm, modify, or reverse the determina¬ 
tion of the Director of Inspection and Enforce¬ 


ment or of the appropriate Regional 
Office and furnish the complainant and 
the licensee a written notification of his 
decision and the reason therefor. 


(b) If the Director of Inspection and Enforce¬ 
ment or of the appropriate Regional 
Office determines that an inspection is 
not warranted because the requirements 
of S 19.16(a) have not been met, he shall 
notify the complainant in writing of 
such determination. Such determination 
shall be without prejudice to the filing of 
a new complaint meeting the require¬ 
ments of $ 19.16(a). 


§ 19.30 Violations. 

An injunction or other court order may 
be obtained prohibiting any violation of 
any provision of the Act or Title II of 
the Energy Reorganization Act of 1974, 
or any regulation or order issued there¬ 
under. 

A court 

order may be obtained for the payment 
of a civil penalty imposed pursuant to 
section 234 of the Act for violation of sec¬ 
tion 53. 57, 62, 63, 81, 82, 101, 103, 104, 
107, or 109 of the Act or any rule, regula¬ 
tion, or order Issued thereunder, or any 
term, condition or limitation of any li¬ 
cense issued thereunder, or for any vio¬ 
lation for which a license may be revoked 
under section 186 of the Act. Any person 
who willfully violates any provision of 
the Act or any regulation or order issued 
thereunder may be guilty of a crime and, 
upon conviction, may be punished by fine 
or imprisonment or both, as provided by 
law. 

§ 19.31 Application for exemptions. 

The Commission may, upon applica¬ 
tion by any licensee or upon its own in¬ 
itiative, grant such exemptions from the 
requirements of the regulations in this 
part as it determines are authorized by 
law and will not result in undue hazard 
to life or property. 

§ 19.32 Discrimination prohibited. 

No person shall on the ground of sex 
be excluded from participation in, be de¬ 
nied the benefits of, or be subjected to 
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AUTHORITY: The provisions of this Part 20 
issued under secs. 53, 63, 65, 81, 103, 104, 161, 

68 Stat. 930, 933, 935, 936, 937, 948, as 
amended; 42 U.S.C. 2073, 2093, 2095, 2111, 
2133, 2134, 2201. For the purposes of sec. 

223, 68 Stat. 958, as amended; 42 U.S.C. 

2273, § §20.401-20.409, issued under sec. 

161 o„ 68 Stat. 950, as amended; 42 U.S.C. 

2201 (o). Secs. 202, 206, Pub. L. 93-438, 88 
Stat. 1244, 1246 (42 U.S.C. 5842, 5846). 

P 20.1 Purpose. 

(a) The regulations in this part estab- 
£ lish standards for protection against ra- 
£ diation hazards arising out of activities 
cr under licenses issued by the Nuclear Reg- 
q ulatory Commission and are issued pur- 
■t suant to the Atomic Energy Act of 1954, 
as amended, and the Energy Reorganiza¬ 
tion Act of 1974. 

(b) The use of radioactive material or 
other sources of radiation not licensed 
by the Commission is not subject to the 
regulations in this part. However, it is 
the purpose of the regulations in this 
2 part to control the possession, use, and 
g trahsfer of licensed material by any 11- 
g. censee in such a manner that exposure 
u. to such material and to radiation from 
m such material, when added to exposures 
to unlicensed radioactive material and 
to other unlicensed sources of radiation 
in the possession of the licensee, and to 
radiation therefrom, does not exceed the 
standards of radiation protection pre¬ 
scribed in the regulations in this part. 

(c) In accordance with recommenda- 
g, tions of the Federal Radiation Council, 
g approved by the President, persons en- 
3 gaged in activities under licenses Issued 
q- by the Nuclear Regulatory Commission pur- 
u- suant to the Atomic Eneigy Act of 1954, as 
m amended, and the Eneigy Reorganization Act 
of 1974 should, in addition to com¬ 
plying with the requirements set forth in 


this part, make every reasonable efTort to 
maintain radiation exposures, and re¬ 
leases of radioactive materials in efflu- 
LO ents to unrestricted areas, as far below 
the limits specified in this part as prac- 
co ticable. The term “as far below the limits 
a- specified in this part as practicable” 
u- means as low as is practicably achieva- 
£ ble taking into account the state of tech¬ 
nology, and the economics of improve¬ 
ments in relation to benefits to the 
public health and safety and in relation 
to the utilization of atomic energy in the 
public interest. 

§ 20.2 Scope. 

The regulations in this part apply to 
£ all persons who receive, possess, use, or 
“transfer material licensed pursuant to 
£ the regulations in Parts 30 through 35, 
o 40, or 70 of this chapter, including per- 
T sons licensed to operate a production or 
utilization facility pursuant to Part 50 
lof this chapter. 

§ 20.3 Definitions. 

(a) As used in this part: 

(1) "Act" means the Atomic Energy 
Act of 1954 <68 Stat. 919) Including any 
amendments thereto; 

(2) "Airborne radioactive material" 
means any radioactive material dispersed 
in the air in the form of dusts, fumes, 
mists, vapors, or gases; 

(3) “Byproduct material” means any 
radioactive material (except special nu¬ 
clear material) yielded in or made ra¬ 
dioactive by exposure to the radiation 
incident to the process of producing or 
utilizing special nuclear material; 

(4) "Calendar quarter” means not less 
than 12 consecutive weeks nor more than 
14 consecutive weeks. The first calendar 
quarter of each year shall begin in Jan¬ 
uary and subsequent calendar quarters 
shall be such that no day is included in 
more than one calendar quarter or (Knit¬ 
ted from inclusion within a calendar 
quarter. No licensee shall change the 
method observed by him of determining 
calendar quarters except at the begin¬ 
ning of a calendar year. 

(5) “Commission” means the Nuclear Regu¬ 
latory Commission or its duly authorized 
representatives; 
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(6) ‘‘Government agency” means any 

executive department, commission inde-S welght one-twentieth of one percent 
pendent establishment, corporation S ( ,° 05%) or more of “• uranium, b - tho ; 
wholly or partly owned by the United E^JmaterSV^ 

States of America which is an lnstru-^ nuclear material 
mentality of the United States, or any™~ 1 material, 
board, bureau, division, service, office, 

officer, authority, administration, or I (18) “Special nuclear material” means 
other establishment in the executive d> plutonium, uranium 233, uranium 
branch of the Government: 2 Mkriched in the isotope-233 or In the lso- 

<7) “Individual” means any humangtope 235, and any other material w'lich 
being; -the Commission, pursuant to the.provi- 


ulations in this part, any of the follow¬ 
ing is considered to be equivalent to a 
dose of one rem: 

(1) A dose of l r due to X— or gamma 
radiation; 

(2) A dose of 1 rad due to X—, gamma, 
or beta radiation; 

(3) A dose of 0.1 rad due to neutrons 
or high energy protons; 

(4) A dose of 0.05 rad due to particles 
heavier than protons and with sufficient 

I energy to reach the lens of the eye; 

(8) “Licensed material” means source^slons of section 51 of the act, determines if it is more convenient to measure the 

•a- material, special nuclear material, or by-m to be special nuclear material, but does neutron flux, or equivalent to de- 

g product material received, possessed,p 11104 Include source material; or (11) any termine the neutron dose in rads, as 

- used, or transferred under a general orl material artificially enriched by any of provided in subparagraph (3) of this 

Jf specific license issued by the Commission I *b e foregoing but does not Include source paragraph, one rem of neutron radiation 
m pursuant to the regulations in thisLi nateria1 ' may, for purposes of the regulations in 

chapter; r- ■ this part, be assumed to be equivalent 

(9) “License” means a license issued^ Unrestricted area means any to 14 million neutrons per square centi- 

under the regulations in Part 30, 40, or§ ar e& access to which is not controlled by meter incident upon the body; or, if 

70 of this chapter. "Licensee” means nr fbe licensee for purposes of protection of there exists sufficient information to esti- 

the holder of such license; u- individuals from exposure to radiation mate with reasonable accuracy the ap- 

(10) “Occupational dose" includes ex-S an d radioactive materials, and any area proximate distribution in energy of the 
posure of an individual to radiation (i) i_ used for residential quarters. neutrons, the incident number at neu- 

in a restricted area; or (ii) in the course^ - H trons per square centimeter equivalent 

of employment in which the individual’s £ (18) “Administration 1, means the En-S ^ one-rem may be estimated from the 

duties involve exposure to radiation; a> ergy Research and Development Admin- x following table: 
provided, that “occupational dose" shall J istration or its duly authorized repre- £ Nicraon Flct Don Iqotvalixts 

'not be deemed to include any exposure £ sentatives. in- - ----—-- 

of an individual to radiation for the pur-£_ ? Number of Average 

pose of medical diagnosis or medical r— neutrons per fhu to 


Niptbon Fuji Don Eqoivalkhts 


therapy of such individual. 

(11) “Person” means (i) any indi¬ 
vidual. corporation, partnership, firm, 
association, trust, estate, public or pri¬ 
vate institution, group, Government 
agency other than the Commission or the 
Administration (except that the Admin- 
, istration shall be considered a person 
r; within the meaning of the regulations in 
oo this part to the extent that its facilities 
oc and activities are subject to the licensing 
0 and related regulatory authority of the 
w Commission pursuant to section 202 of 
the Energy Reorganization Act of 1974 
(88 Stat. 1244)), any State, any foreign 
government or nation or any political 
subdivision of any such government or 
nation, or other entity; and (ii) any 
legal successor, representative, agent, or 
agency of the foregoing. 2 


(b) Definitions of certain other words 
and phrases as used In this part are set 
forth in other sections. Including; 

(1) “Airborne radioactivity area" de¬ 
fined in 8 20.2Q3; 

(2) “Radiation area” And “high radi¬ 
ation area” defined in 8 20.202; 

(3) “Personnel monitoring equipment” 
defined in § 20.202; 

(4) “Survey” defined in | 20.201; 

(5 ) units of measurement of dose (rad, 
rem) defined in 8 20.4; 

(6) Units of measurement of radio¬ 
activity defined in 8 20.5. 

§ 20.4 Units of radiation done. 

(a) “Dose,” as used in this part, is the 
quantity of radiation absorbed, per unit 
of mass, by the body or by any portion of 
the body. When the regulations in this 
part specify a dose during a period of 
time, the dose means the total quantity 


Neutrornmergy (Mev) 

Number of 
neutrons per 
square cen¬ 
timeter 
equivalent 
to a dose oil 
rem (neO- 
tropafarf) 

Average 
ftin to 
deliver 100 
mlllliem In 
40 hours 
(neutrons/ 
cm* per see) 

Thermal . 

070X10* 

670 

0S00L . 

720X10* 

500 

0.005. 

820X10* 

670 

om„: ..•_ 

400X10* 

290 

0.1. 

120X10* 

80 

0.5.. 

■43X10* 

30 

is . 

20X10* 

18 

2.6 . 

29X10* 

20 

6.0 . 

26X10* 

18 

7.5. 

24X10* 

17 

10 . 

24X10* 

ir 

10 to 30— ... 

14X10* 

10 


r <12> “Radiation” means any or all of" Sorbed, per of ““f 8 - 

I the following- aloha ravs beta rav<s KF by the ***& or by Portion of the 

4 gamma ravs x ravs npntmrs wtvf’ body during such period of time. Several 

8 speed electrons, high-^peed protons Sd M f™ 1 > 

- other atomic particles; but not sound D^nitions of units as used to this part 

u. or radio waves, or visible, infrared, or a i e .f e , t r ° r _ tb 111 Paragraphs (b) and (c) 

in ultraviolet light; this section. 

T (13) “Radioactive material" includes ^ M use< ^ Id this part, is a 

I any such material whether or not subject measure of the dose of any Ionizing radi- 

I to licensing control by the Commission- ation to body tissues in terms of the 


different units of dose are in current use. 
Definitions of units as used in this part 
are set forth in paragraphs (b) and (c) 
of this section. 

(b> The rad, as used in this part, is a 


(d> For determining exposures to X or 
gamma rays up to 3 Mev, the dose limits 
specified in 88 20.101 to 20.104, inclusive, 
may be assumed to be equivalent to the 
“air dose”. For the purpose of this part 
“air dose” means that the dose is meas¬ 
ured by a properly calibrated appropriate 
instrument in air at or near the body sur- 
_^face in the region of highest dosage rate. 

§ 20.5 Units of radioactivity. 

(a) Radioactivity is commonly, and 
for purposes of the regulations in this 
part shall be, measured in terms of dis- 
2 integrations per unit time or in curies. 


r (14J[ ‘'Restricted area” means any 
area access to which is controlled by the 
2 licensee for purposes of protection of 
jj individuals from exposure to radiation 
- and radioactive materials. “Restricted 
f area" shall not Include any areas used 
in as residential quarters, although a sepa- 
** rate room or rooms in a residential 
building may be set apart as a restricted 
_ area; 

(15) “Source material” means (i) 
uranium or thorium, or any combina¬ 
tion thereof, in any physical or chemical 
form: or (ii) ores which contain by I 


measure of toe dose of imy ionizing radi- g F disto^atiom ^ 

ation to body tissues in terms of the N second (dps) =2.2x10“ disintegrations 
energy absorbed per unit mass of the per minute (dpm). Commonly used sub- 


tissue. One rad is the dose correspond- m multiples of the curie are the millicurie 
ing to the absorption of 100 ergs per gram ” and the microcurie: 
of tissue. (One millirad (mrad) =0.001 (1) One millicurie (mCi) ‘=0.001 curie 

rad.) (Ci) ’=3.7x10’ dps. 

(c) The rem, as used in this part, is ( 2 ) One microcurie (^Ci) ’=0.000001 
a measure of the dose of any ionizing curie=3.7xl0‘ dps. 
radiation to body tissue in terms of its — 

estimated biological effect relative to a I (b) For purposes of the regulations in 

™ this part, it may be assumed that the 

mllUrem (mrem) =0.001 rem.) Hie rela¬ 
tion of the rem to other dose units de- ■ t) . - 

pends upon the biological effect under ,v 1 „?Ji2 e Jr , tL?f a8lble : the . * ppro P rlat « unit 
consideration and upon the conditions of £$,£(■) r ‘'SE: 

irradiation. For the purpose of the reg- SEtton!’* nd 
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daughter activity concentrations in the 
following table are equivalent to an air 
concentration of 10-’ microcuries of 
Radon 222 per milliliter of air in equilib¬ 
rium with the daughters RaA, RaB, RaC, 
and RaC': 


Alpha-emitting daughter 
activity collected per milli¬ 
liter of air 


Maximum time between 
collection and measure¬ 
ment (hours) * 


Micro- 1 
curies/cc 

Total alpha 
disintegra¬ 
tions per 
minute per 
cc. 

7.2X10-* 

0.16 

4. 5X1(H 

0.10 

1.3X10-* 

0.028 

0.3X10-* 

0.0OW. 


(C) * 

§ 20.6 Interpretations. 

Except as specifically authorized by 
the Commission in writing, no interpreta¬ 
tion of the meaning of the regulations in 
this part by any officer or employee of 
the Commission other than a written in¬ 
terpretation by the General Counsel will 
be recognized to be binding upon the 
.Commission. 

§ 20.7 Communications. 

Except where otherwise specified in, 
this part, all communications and re- g 
ports concerning the regulations in this - 
part should be addressed to the Execu- £ 
tive Director for Operations, U.S. Nu- ^ 
clear Regulatory Commission, Washing- ™ 
ton, D.C. 20555. Communications, re¬ 
ports, and applications may be delivered 
in person at the Commission’s offices at 
1717 H Street NW„ Washington, D.C.; or 
at 7920 Norfolk Avenue, Bethesda, Mary¬ 
land. 

" ** Pra mibsibu looses, L*vmL», and 

CONCENTRATION* 

§ 20.101 Exposure of individuals to ra¬ 
diation in restricted areas. 

(a) Except as provided in paragraph 
(b) of this section, no licensee shall 
possess, use, or transfer licensed mate¬ 
rial in such a manner as to cause any 
individual in a restricted area to receive 
in any period of one calendar quarter 
from radioactive material and other 
sources of radiation in the licensee’s pos¬ 
session a dose in excess of the limits 
specified in the following table: 

Rems per calendar quarter 

1. Whole body; head and trunk; active 

blood-forming organs; lens of 
eyes; or gonads- 1% 

2. Hands and forearms; feet and 

ankles- 1JJJ4 

3. Skin of whole body- "V4 

(b) A licensee may permit an indi¬ 
vidual in a restricted area to receive a 
dose to the whole body greater than that 
permitted under paragraph (a) of this 


> 'The duration of sample collection end the duration 
of measurement should be sufficiently short compared 
to the time between collection and measurement, as not 
to have a statistically significant effect upon the results. 
’* Deleted 39 FR 23990. 

•* Amended 36 FR 1466. 


section, provided: 

(1) During any calendar quarter the 
dose to the whole body from radioactive 
material and other sources of radiation 
in the licensee’s possession shall not ex¬ 
ceed 3 rems; and 

(2) The dose to the whole body, when 
added to the accumulated occupational 
dose to the whole body, shall not exceed 
5 (N-18) rems where “N” equals the in¬ 
dividual’s age in .years at ms last nirtm- 
day: and 

(3) The licensee has determined the 
.individual’s accumulated occupational 
dose to the whole body on Form NRC-4, or 
on a clear and legible record contain¬ 
ing all the information required in that 
form; and has otherwise complied with 
the requirements of 5 20.102. As used in 
paragraph (b), “Dose to the whole body’’ 
shall be deemed to Include any dose to 
the whole body, gonads, active blood- 
forming organs, head and trunk, or lens 
of eye. 

§ 20.102 Determination of accumulated 
dose. 

(a) This section contains require¬ 
ments which must be satisfied by 
licensees who propose, pursuant to para¬ 
graph (b) of i 20.101, to permit individ¬ 
uals in a restricted area to receive ex¬ 
posure to radiation in excess of the limits 
specified in paragraph (a) of I 20.101. 

(b) Before permitting any individual 

in a restricted area to receive exposure 
to radiation in excess of the limits spec¬ 
ified in paragraph (a) of S 20.101, eachE 
licensee shall: 9 

0) Obtain a certificate o* Form NRC-4, oi cc 
on a dear and legible record u- 

containing all the information required g 
in that form, signed by the individual 
showing each period of time after the 
individual attained the age of 18 in which 
the individual received an occupational 
dose of radiation; and 

(2) Calculate on Form NRC-4 in accord¬ 
ance with the instructions appear¬ 
ing therein, or on a clear and legible 
record containing all the information 
required in that form, the previously ac¬ 
cumulated occupational dose received by 
the individual and the additional dose 
allowed for that individual under 
120.101(b). 

(cKl) In the preparation of Form NKC-4, 
or a clear and legible record con¬ 
taining all the information required in 
that form, the licensee shall make a rea¬ 
sonable effort to obtain reports of the 
individual’s previously accumulated oc¬ 
cupational dose. For each period for 
which the licensee obtains such reports, 
the licensee shall use the dose shown in 
the report in preparing the form. In 
any case where a licensee is unable to 
obtain reports of the individual’s occu¬ 
pational dose for a previous complete 
calendar quarter, it shall be assumed 
that the individual has received the oc¬ 
cupational dose specified in whichever 
of the following columns apply: 



Column 1 

Column 2 


Assumed 

Assumed 


exposure 

exposure 

Part of body 

In rems for 

in rems for 


calendar 

calendar 


quarters 

quarters 


prior to 

beginning on 


Jan. 1, 1961 

or after 



Jan. 1, 1961 

Whole body, gonads, 

334 

H4 

active blood-forming 



organs, head and trunk. 



lens of eye. 




(2) The licensee shall retain and preserve 
records used in preparing Form NRC-4. 

If calculation of the individual’s ac¬ 
cumulated occupational dose for all 
periods prior to January 1, 1961 yields 
a result higher than the applicable ac¬ 
cumulated dose value for the individual 
as of that date, as specified in paragraph 
(b) of § 20.101, the excess may be disre¬ 
garded. 

§ 20.103 Exposure of individuals to 
concentrations of radioactive ma¬ 
terial in restricted areas. 

(a) No licensee shall possess, use or 
transfer licensed material in such a man¬ 
ner as to cause any individual in a 
restricted area to be exposed to airborne 
radioactive material possessed by the 
licensee in an average concentration in 
excess of the limits specified in Appendix 
B. Table I, of this part. “Expose” as 
used in this section means that the in¬ 
dividual is present in an airborne con¬ 
centration. No allowance shall be made 
for the use of protective clothing or 
equipment, or particle size, except as 
authorized by the Commission pursuant 
to paragraph (c) of this section. 

(b) The limits given in Appendix B. 
Table I, of this part are based upon 
exposure to the concentrations specified 
for forty hours in any period of seven 
consecutive days. In any such period 
where the number of hours of exposure 
is less than forty, the limits specified 
in the table may be increased propor¬ 
tionately. In any such period where 
the number of hours of exposure is 
greater than forty, the limits specified 
in the table shall be decreased 
proportionately. 

(c) (1) Except as authorized by the 
Commission pursuant to this paragraph, 
no allowance shall be made for particle 
size or the use of protective clothing 
or equipment in determining whether an 
individual is exposed to an airborne con¬ 
centration in excess of the limits speci¬ 
fied in Appendix B, Table I. 

(2) The Commission may authorize a 
licensee to expose an individual in a re¬ 
stricted area to airborne concentrations 
in excess of the limits specified in Ap¬ 
pendix B, Table I, upon receipt of an 
application demonstrating that the con¬ 
centration is composed in whole or in 
part of particles of such size that such 
particles are not respirable; and that 
the individual will not inhale the con¬ 
centrations in excess of the limits estab¬ 
lished in Appendix B, Table I. Each 
application under this subparagraph 
shall include an analysis of particle sizes 
in the concentrations; and a description 


845 


April 30, 1975 









.25 FR 10914, 


PART 20 • STANDARDS FOR PROTECTION AGAINST RADIATION 


of the methods used in determining the 
particle sizes. 

(3) The Commission may authorize 
a licensee to expose an individual in a 
restricted area to airborne concentra¬ 
tions in excess of the limits specified in 
Appendix B, Table I. upon receipt of 
an application demonstrating that the 
individual will wear appropriate pro- ^ 
tectlve equipment and that the individual g 
will not inhale, Ingest or absorb quantl- c 
ties of radioactive material in excess of £ 
those which might otherwise be permit- in 
ted under this part for employees in 
restricted areas during a 40-hour week. 
Each application under this subpara¬ 
graph shall contain the following 
Information: 

(1) A description of the protective 
equipment to be employed, including the 
efficiency of the equipment for the ma¬ 
terial involved; 

(ii) Procedures for the fitting, main¬ 
tenance and cleaning of the protective 
equipment; and 

(iii) Procedures governing the use of 
the protective equipment, including su¬ 
pervisory procedures and length of time 
the equipment will be used by the indi¬ 
viduals in each work week. The pro¬ 
posed periods for use of the equipment 
by any individual should not be of such 
duration as would discourage observance 
by the individual of the proposed pro¬ 
cedures; and 

(iv) The average concentrations pres¬ 
ent in the areas occupied by employees. 

§ 20.104 Exposure of minors. 

(a) No licensee shall possess, use or 
transfer licensed material in such a 
manner as to cause any individual within 
a restricted area who is under 18 years 
of age, to receive in any period of one 
calendar quarter from radioactive ma¬ 
terial and other sources of radiation in 
the licensee’s possession a dose in excess 
of 10 percent of the limits specified in 
the table in paragraph (a) of § 20.101. 

(b) No licensee shall possess, use or 
transfer licensed material in such a - 
manner as to cause any individual 
within a restricted area, who is under 18 & 
years of age to be exposed to airborne 7 
radioactive material possessed by the 
licensee in an average concentration in 
excess of the limits specified in Appendix 
B, Table II of this part. For purposes 
of this paragraph, concentrations may 
be averaged over periods not greater 
than a week. 

(c) The provisions of paragraph (c) 
of § 20.103, shall apply to exposures sub¬ 
ject to paragraph <b) of this section. 

§ 20.105 Permissible levels of radiation 
in unrestricted areas. 

(a) There may be included in any ap¬ 
plication for a license or for amendment 
of a license proposed limits upon levels 
of radiation in unrestricted areas result¬ 
ing from the applicant’s possession or 
use of radioactive material and other 
sources of radiation. Such applications 
should include information as to antici-. 
pated average radiation levels and an¬ 
ticipated occupancy times for each 
unrestricted area involved. The Com¬ 


mission will approve the proposed limits 
if the applicant demonstrates that the 
proposed limits are not likely to cause 
any individual to receive a dose to the 
whole body in any period of one calendar 
year in excess of 0.5 rem. 

(b) Except as authorized by the Com¬ 
mission pursuant to paragraph (a) of 
this section, no licensee shall possess, use 
or transfer licensed material in such a 
manner as to create in any unrestricted 
area from radioactive material and other 
sources of radiation in his possession: 

(1) Radiation levels which, if an indi¬ 
vidual were continuously present in the 
area, could result in his receiving a dose 
in excess of two mllllrems in any one 
hour, or 

(2) Radiation levels which, if an indi¬ 
vidual were continuously present in the 
area, could result in his receiving a dose 
in excess of 100 mlllirems in any seven 
consecutive days. 

§ 20.106 Radioactivity in effluents to 
unrestricted areas. 

(a) A licensee shall not possess, use, 
or transfer licensed material so as to re¬ 
lease to an unrestricted area radioactive 
material in concentrations which exceed , 
the limits specified in Appendix "B", 3 
Table II of this part, except as authorized I 
pursuant to i 20.302 or paragraph (b) of oc 
this section. For purposes of this sec- u - 
tlon concentrations may be averaged over <3 
a period not greater than one year. 

(b) An application for a license or 
amendment may Include proposed limits 
higher than those specified in para¬ 
graph (a) of this section. The Commis¬ 
sion will approve the proposed limits 
if the applicant demonstrates: 

(1) That the applicant has made a 
reasonable effort to minimize the radio¬ 
activity contained in effluents to un¬ 
restricted areas; and 

(2) That it is not likely that radio¬ 
active material discharged in the effluent 
would result in the exposure of an indi¬ 
vidual to concentrations of radioactive 
material In air or water exceeding the 
limits specified in Appendix “B”, Table 
n of this part. 

(c) An application for higher limits 
pursuant to paragraph (b) of this sec¬ 
tion shall include Information demon¬ 
strating that the applicant has made a 
reasonable effort to minimize the radio¬ 
activity discharged in effluents to unre¬ 
stricted areas, and shall Include, as 
pertinent: 

(1) Information as to flow rates, total 
volume of effluent, peak concentration of 
each radionuclide in the effluent, and con¬ 
centration of each radionuclide in the 
effluent averaged over a period of one 
year at the point where the effluent leaves 
a stack, tube, pipe, or similar conduit 

(2) A description of the properties 
the effluents, Including: 

(i) chemical composition; 2 . 

(li) physical characteristics, including 8 
suspended solids content in liquid efflu- c 
ents, and nature of gas or aerosol for air u- 
effluents; Ifi 

(iii) the hydrogen ion concentrations 

(p 11 ) of liquid effluents; and 

(iv) the size range of particulates in 


ives *- 

t; f 

s of 


effluents released into air. 

(3) A description of the anticipated 
human occupancy in the unrestricted 
area where the highest concentration of 
radioactive material from the effluent is 
expected, and, in the case of a river or 
stream, a description of water uses down¬ 
stream from the point of release of the 
effluent. 

(4) Information as to the highest con¬ 
centration of each radionuclide in an 
unrestricted area, including 
concentrations averaged over a period of 
one year; 

( 1 ) in air at any point of human oc¬ 
cupancy; or 

(li) In water at points of use down¬ 
stream from the point of release of the 
effluent. 

(5) The background concentration of 
radionuclides in the receiving river or 
stream prior to the release of liquid 
effluent. 

(6) A description of the environmental 
monitoring equipment, including sensi¬ 
tivity of the system, and procedures and 
calculations to determine concentrations 
of radionuclides in the unrestricted area 
and possible reconcentrations of radio¬ 
nuclides. 

(7) A description of the waste treat¬ 
ment facilities and procedures used to 
reduce the concentration of radionuclides 
in effluents prior to their release. 

(d) For the purposes of this section 
the concentration limits in Appendix “B”, 
Table n of this part shall apply at the 
boundary of the restricted 80 * 68 . The 
concentration of radioactive material 
discharged through a stack, pipe or sim¬ 
ilar conduit may be determined with 
respect to the point where the material 
leaves the conduit. If the conduit dis¬ 
charges within the restricted area, the 
concentration at the boundary be 
determined by applying appropriate 
factors for dilution, dispersion, or decay 
between the point of discharge and the 
boundary. 

(e) In addition to limiting concen¬ 
trations in effluent streams, the Com¬ 
mission may limit quantities of radio¬ 
active materials released In air or water 
during a specified period of time if it 
appears that the dally intake of radio¬ 
active material from air, water, or food 
by a suitable sample of an exposed pop¬ 
ulation group, averaged over a period 
not exceeding one year, would otherwise 
exceed the dally intake resulting from 
continuous exposure to air or water con¬ 
taining one-third the concentration of 
radioactive materials specified in Ap¬ 
pendix “B”, Table II of this part. 

(f) The provisions of this section do 
not apply to disposal of radioactive ma¬ 
terial into sanitary sewerage systems, 
which la governed by | 20.303 

§ 20.107 Medical diagnosis and therapy. 

Nothing in the regulations in this part 
shall be interpreted as limiting the in¬ 
tentional exposure of patients to radia¬ 
tion for the purpose of medical diagnosis 
or medical therapy. 

§ 20.108 Orders requiring furnishing of 
bio-assay services. 

Where necessary or desirable in order 
to aid in determining the extent of an 
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individual’s exposure to concentrations 
of radioactive material, the Commission av 
may incorporate appropriate provisions be 
in any license, directing the licensee to th 
m av-p available to the individual appro- (r 
priate bio-assay services and to furnish gi 
a copy of the reports of such services to S e 
the Commission. d< 

Precautionary Procedures 
§ 20.201 Survey*. p, 

(a) As used in the regulations in this 
part, “survey” means an evaluation of 
the radiation hazards incident to the pro¬ 
duction, use, release, disposal, or pres¬ 
ence of radioactive materials or other 
sources of radiation under a specific set 
of conditions. When appropriate, such 
evaluation includes a physical survey of 
the location of materials and equipment, 
and measurements of levels of radiation 
or concentrations of radioactive material 
present. 

(b) Each licensee shall make or cause 
to be made such surveys as may be neces¬ 
sary for him to comply with the regula¬ 
tions in this part. 

§ 20.202 ’-’ervonnel monitoring. 

(a) Each licensee shall supply appro¬ 
priate personnel monitoring equipment 
to, and shall require the use of such 
equipment by: 

(1) Each individual who enters a re¬ 
stricted area under such circumstances 

§ that he receives, or is likely to receive, 
c a dose in any calendar quarter in excess 
i of 25 percent of the applicable value 
n specified in paragraph (a) of § 20.101. 

(2) Each individual under 18 years of 
age who enters a restricted area under 
such circumstances that he receives, or 
is likely to receive, a dose in any calen¬ 
dar quarter in excess of 5 percent of 
the applicable value specified in para¬ 
graph (a) of § 20.101. 

(3) Each individual who enters a high 
radiation area. 

(b) As used in this part, 

(1) “Personnel monitoring equipment” 
means devices designed to be worn or 
carried by an individual for the purpose 
of measuring the dose received (e. g.. 
film badges, pocket chambers, pocket 
dosimeters, film rings, etc.); 

(2) “Radiation area” means any area, 
accessible to personnel, in which there 
exists radiation, originating in whole or L 
in part within licensed material, at such 
levels that a major portion of the body 
could receive in any one hour a dose in 
excess of 5 millirem. or in any 5 con¬ 
secutive days a dose in excess of 100 
millirems; 

(3) “High radiation area” means any g 
area, accessible to personnel, in which m 
there exists radiation originating in 
whole or in part within licensed mate- ^ 
rial at such levels that a major portion c ? 
of the body could receive in any one hour 

a dose in excess of 100 millirem. i 


‘ (a) General. (1) Except as otherwise 
authorized by the Commission sym¬ 
bols prescribed by this section shall use 
the conventional radiation caution colors 
(magenta or purple on yellow back¬ 
ground). The symbol prescribed by tills 
section is the conventional three-bladed 
design: 

Radiation symbol 

1. Cross-hatched area Is to be magenta or^ 


purple. 

2. Background is to be yellow. 






is \ 





§ 20.203 Caution eigne, labele, signals, 
and controls. 


A . i/Z | 

' 

(2) In addition to the contents of signs 
and labels prescribed in this section, li¬ 
censees may provide on or near such 
signs and labels any additional informa¬ 
tion which may be appropriate in aiding 
individuals to minimize exposure to radi¬ 
ation or to radioactive material. 

(b) Radiation areas. Each radiation 
area shall be conspicuously posted with 
a sign or signs bearing the radiation cau¬ 
tion symbol and the words: 

CAUTION 1 
RADIATION ABBA 

(c) High radiation areas. (1) Each 
high radiation area shall be conspicu- | 
ously posted with a sign or signs bearing 
the radiation caution symbol and the 
words: 

CAUTION 1 

high radiation area 

— ( 2 ) Each entrance or access point to 

a high radiation area shall be: 

(i) Equipped with a control device 
which shall cause the level of radiation 
to be reduced belpw that at which an 
individual might receive a dose of 100 
i muiirpms in 1 hour upon entry into the 
! area; or 

! (ii) Equipped with a control device 
' which shall energize a conspicuous vis- 
j ible or audible alarm signal in such a 
1 m&nner that the individual entering the 
high radiation area and the licensee or 
a supervisor of the activity are made 
aware of the entry; or 

(iii) Maintained locked except during 
periods when access to the area is re- 


' or "Danger." 


quired, with positive control over each 
individual entry. 

(3) The controls required by subpara¬ 
graph (2) of this paragraph shall be 
established in such a way that no indi 
vidual will be prevented from leaving a 
high radiation area. 

(4) In the case of a high radiation 
area established for A period of 30 days 
or less, direct surveillance t° Prevent un¬ 
authorized entry may be substituted for 
the controls required by subparagraph 
(2) of this paragraph. 

(5) Any licensee, or applicant for a 
license, may apply to the Commission 
for approval of methods not included in 
subparagraphs (2) and (4) of this para- 
graph for controlling access to high radi¬ 
ation areas. The Commission will 
approve the proposed alternatives if the 
licensee or applicant demonstrates that 
the alternative methods of control will 
prevent unauthorized entry tat 0 / 
radiation area, and that the requirement 
of subparagraph (3) of this paragraph is 
met. 

~ (d) Airborne radioactivity ureas. (1) 

As used in the regulations in this part, 
"airborne radioactivity area” 
any room, enclosure, or operating area 
in which airborne radioactive materials, 
composed wholly or partly of licensed 

material, exist in concentrations ta ex¬ 
cess of the amounts specified in Appen- 
dix B, Table I, Column 1 of this part , or 
(il) any room, enclosure, or operating 

area ta which airborne radioactive mate¬ 
rial composed wholly or partly of licer^e/ 1 
material exists in concentration which, 
averaged over the number of hours in 
any week during which individuals are 
in the area, exceed 25 P^ntofthe 
amounts specified in Appendix B, Table I, 
rnlumn 1 of this pBXt. 

(2) Each airborne radioactivity area 
shall be conspicuously 
or signs bearing the radiation caution 
symbol and the words: 

caution 1 

airborne radioactivity area 
(e) Additional requirements. (11 Each 
area or room in which licensed material 
is used or stored and which contains any 
radioactive material (other than natura 
uranium or thorium) in an amount ex¬ 
ceeding 10 times the quantity of such 
i material specified in Appendix C of this 

part shall be conspicuously posted with 

a sign or signs bearing the radiation 
caution symbol and the words. 

caution 1 

RADIOACTIVE MATERIAL (S) 

(2) Each area or room in which nat¬ 
ural uranium or thorium Jf /* ed £ 
stored in an amount exceeding 

hundred times the quantlty speclfled ta 

Appendix C of this part shall be con 
spicuously posted with a sign or signs 
bearing the radiation caution symbol 
and the words: 

— CAUTION 1 

RADIOACTIVE MATERIAL (S) 
containers. (1) Except as pro¬ 
vided in subparagraph (3) of this para¬ 
graph, each container of licensed mate- 
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rial shall bear a durable, clearly visible 
label identifying the radioactive con¬ 
tents. 

(2) A label required pursuant to sub- 
paragraph (1) of this paragraph shall 
bear the radiation caution symbol and 
the words "CAUTION, RADIOACTIVE 
MATERI AL" or "DANGER, RADIOAC¬ 
TIVE MATERIAL”. It shall also provide 
sufficient information 1 to permit in¬ 
dividuals handling or using the con¬ 
tainers, or working in the vicinity there¬ 
of, to take precautions to avoid or mini¬ 
mize exposures. 

(3) Notwithstanding the provisions of 
subparagraph (1) of this paragraph, 
labeling is not required: 

(i) For containers that do not con¬ 
tain licensed materials in quantities 
greater than the applicable quantities 
listed in Appendix C of this part. 

<ii) For containers containing only 
natural uranium or thorium in quantities 
^ no greater than 10 times the applicable 
S quantities listed in Appendix C of this 
a: part. 

^ (ill) For containers that do not con- 
tain licensed materials in concentrations 
greater than the applicable concentra¬ 
tions listed in Column 2, Table I, Ap¬ 
pendix B of this part. 

(iv) For containers when they are at¬ 
tended by an individual who takes the 
precautions necessary to prevent the 
exposure of any individual to radiation or 
radioactive materials in excess of the 
limits established by the regulations in 
this part. 

(v) For containers when they are in 
transport and packaged and labeled in 
accordance with regulations of the * 

Department of Transportation . 

(vi) For containers which are acces¬ 
sible * only to individuals authorized to 
handle or use them, or to work in the 
vicinity thereof, provided that the con¬ 
tents are identified to such individuals 
by a readily available written record. 

(vii) For manufacturing or process 
equipment, such as nuclear reactors, re¬ 
actor components, piping, and tanks. 


P 


§ 20.204 Same: exceptions. 


Notwithstanding the provisions of 
5 5 20.203, 

2 (a) A room or area is not required to 

cc be posted with a caution sign because of 
“■ the presence of a sealed source provided 
<n the radiation level twelve inches from 

L the surface of the source container or 
housing does not exceed five millirem 
per hour. 

(b) Rooms or other areas in hospitals 
are not required to be posted with cau¬ 
tion signs, and control of entrance or 
access thereto pursuant to 5 20.203(c) is 
not required, because of the presence of 


1 As appropriate, the Information will In¬ 
clude radiation levels, kinds of material, es¬ 
timate of activity, date for which activity la 
estimated, mass enrichment, etc. 

’ For example, containers In locations such 
as water-filled canals, storage vaults, or hot 
cells. 

* Amended 34 FR 19546. 


I patients containing byproduct material 
^ provided that there are personnel in at- 
g tendance who will take the precautions 
Q. necessary to prevent the exposure of any 
u. individual to radiation or radioactive 
£ material in excess of the limits estab¬ 
lished in the regulations in this part. 

(c) Caution signs are not required to 
be posted at areas or rooms containing 
radioactive materials for periods of less 

4 than eight hours provided that (1) the 
g materials are constantly attended during 
~ such periods by an individual who shall 
2 l take the precautions necessary to pre¬ 
in vent the exposure of any individual to 
7 radiation or radioactive materials in ex¬ 
cess of the limits established in the regu¬ 
lations in this part and; (2) such area or 
room is subject to the licensee’s control. 

(d) A room or other area is not re¬ 
quired to be posted with a caution sign, 
and control is not required for each en- 

2 trance or access point to a room or other 
10 area which is a high radiation area solely 
J because of the presence of radioactive 
m materials prepared for transport and 
packaged and labeled in accordance with 
regulations of the Department of j£ 
Transportation. g 

I cc 

§ 20.203 Procedures for picking up, re- u. 
reiving, and opening packages. g) 

(a) (1) Each licensee who expects to 
receive a package containing quantities 
of radioactive material in excess of the 
Type A quantities specified in paragraph 

(b) of this section shall: 

<i> If the package Is to be delivered 
to the licensee’s facility by the carrier, 
make arrangements to receive the pack¬ 
age when it is offered for delivery by the 
carrier; or 

(ii) If the package is to be picked up 
by the licensee at the carrier’s terminal, 
make arrangements to receive notifica¬ 
tion from the carrier of the arrival of the 
package, at the time of arrival. 

(2) Each licensee who picks up a 
package of radioactive material from a 
carrier’s terminal shall pick up the pack- 
<n age expeditiously upon receipt of- notifi¬ 
ed cation from the carrier of its arrival. 

— (b) (1) Each licensee, upon receipt of 

a package of radioactive material, shall 
m monitor the external surfaces of the 
package lor radioactive contamination 
caused by leakage of the radioactive con¬ 
tents, except: 

(i) Packages containing no more than 
the exempt quantity specified in the 
table in this paragraph; 

(ii) Packages containing no more 
than 10 millicuries of radioactive mate- £ 
rial consisting solely of tritium, carbon- 
14, sulfur-35, or iodine-125; 

(ill) Packages containing only radio- x 
active material as gases or in special u. 
form; ® 

(iv) Packages containing only radio- u 
active material in other than liquid form 
(including Mo-99/Tc-99m generators) 
and not exceeding the Type A quantity 
limit specified in the table in this para¬ 
graph; and 

(v) Packages containing only radio¬ 
nuclides with half-fives of less than 30 


days and a total quantity of no more 
than 100 millicuries. 

The monitoring shall be performed as 
soon as practicable after receipt, but no 
later than three hours after the pack¬ 
age is received at the licensee’s facility 
if received during the licensee’s normal 
working hours, or eighteen hours if re¬ 
ceived after normal working hours. 

(2) If removable radioactive contami¬ 
nation in excess of 0.01 microcuries 
(22,000 disintegrations per minute)'per 
100 square centimeters of package sur¬ 
face is found on the external surfaces of 
the package, the licensee shall immedi¬ 
ately notify . the final delivering carrier 
and, by telephone and telegraph, the ap¬ 
propriate Nuclear Regulatory Commission In¬ 
spection and Enforcement Regional Office 
shown in Appendix D. 

Tabu of exempt and Ttfb a qnumm 


Transport group 1 

Exempt 
quantity limit 
(in millicuries) 

Type A 
quantity limit 
(in curies) 

I. 

.01 

0.001 

II. 

0.1 

0.050 

Ill_ 

1 

3 

IV_. 

1 

20 

V 

1 

20 

VI. 

1 

1000 

vn. 

28,000 

1000 

Special Form_ 

1 

20 


(c) (1) Each licensee, upon receipt of a 
package containing quantities of radio¬ 
active material in excess of the Type A 
quantities specified in paragraph (b) of 
this section, other than those transported 
by exclusive use vehicle, shall monitor 
the radiation levels external to the pack¬ 
age. The package shall be monitored as 
soon as practicable after receipt, but,no 

later than three hours after the package 
Is received at the licensee’s facility if 
received during the licensee’s normal 
working hours, or 18 hours If received 
after normal working hours. 

(2) If radiation levels are found on the 
external surface of the package in excess 
of 200 millirem per hour, or at three feet 
from the external surface of the package 
in excess of 10 millirem per hour, the 
licensee shall Immediately notify, by 
telephone and telegraph, the final de¬ 
livering carrier and the appropriate 
Nuclear Regulatory Commission Inspection 
and Enforcement Regional Office shown in 
Appendix D. 

(d) Each licensee shall establish and 
maintain procedures for safely opening 
packages in which licensed material is 
received, and shall assure that such pro¬ 
cedures are followed and that due con¬ 
sideration is given to special instructions 
for the type of package being opened. 

§ 20.206 Instruction of personnel. 

Instructions required for individuals 
working in or frequenting any portion of 
a restricted area are specified in § 19.12 
of this chapter. 


i The definitions of “transport group” and “special 
form'’ are specified In i 71.4 of this chapter. 
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._ tVl . lonrer of sub- I which must be maintained pursuant to 

S »■*" ” f ““"“ d “ ,eri ‘ b - £LSS°1> or <2> of ] ^C«i°Sor'a?o™l?£«r.’ £dod- 

.. « a ^5ySgMS-~ -1 SfJASSSffiSSS 


Licensed materials stored In an unre- ...-- _» cpwaee re- oo rag results ui wuuio »»« =- 

strlcted area shall be securedagalna* un- the ave rage daUy quantity - ^ong, made pursuant to S 20,108ahaU 

authorized removal from the place of leased Into the sewer by the Ucens . ce _ ^ Indefinitely or until the 

storage. will result In an average concentration °fj?r _ Ruthoriz£s their disposal. 


Wastx Disposal 
g 20.301 General requirement. 

No licensee shall dispose of licensed 

material except: . __ 

(a) By transfer to an authorized re¬ 
cipient as provided In the regulations In 
Part 30, 40, or 10 of this chapter, which¬ 
ever may be applicable; or 

»b) As authorized pursuant to 
8 20.302; or 

<c) As provided In } 20.303 or 
j 20 304, applicable respectively to the 
disposal of licensed material by release 
Into sanitary sewerage systems or burial 
In soil, or in 8 20.106 ( Radioactivity In 
Effluents to Unrestricted Areas!. 

8 § 20.302 Method for obtaining approval 
a; of proposed disposal procedures. 


leased Into the sewer by the licensee £ ^definitely or untu 'tos' 

will result In an average concentratio authorizes their disposal, 

equal to the limits specified In Appendix Records which m ust be maintained pur- 


B, Table I, Column 2 of this part; or 

(2) Ten times the quantity of such 
material specified In Appendix C of this 
part: and 

Cc) The quantity of any licensed or 
other radioactive material released In 
any one month, If diluted by the average 
monthly quantity of water released by 
the licensee, will not result In an average 
concentration exceeding the limits spec¬ 
ified In Appendix B. Table I. Column 2 
of this part; and 

(d) The gross quantity of licensed ana 
other radioactive material released Into 
the sewerage system by the licensee does 
not exceed one curie per year. 

Excreta from Individuals undergoing 
medical diagnosis or therapy with radio¬ 
active material shall be exempt from 
any limitations contained In this 
section. 


" of proposed disposal procedures. Excreta from Individuals undergoing (b> Each licensee ^ o i , s re ^ r ,“ 1 ^ 

* (a) Any licensee or applicant for a me dical diagnosis or therapy with.wjto- ^SrS^paragra^hta? of this 
license may apply to the Commission for ac tive material shall be exempt fro section s hall within 30 days after he 
approval of proposed procedures to dis- ^ limitations contained In this learns of the loss or theft, make a report 
pcse of licensed material in a manner not in wr jting to the Director of Inspection and 

otherwise authorized In the regulations , k t burial in sod. Enforcement, U.S. Nuclear Reaulatory Com- 

tn this chapter. Each application should 20.304 Disposal by burial m mission, Washington, D.C. 20555, with a 

Include a description of the licensed ma- - No licensee shall dispose of licensed ^py to t h e Director of the appropriate Nu- 

terial and any other radioactive materials terial by burial In soil unless: dear Regulatory Commission inspection and 

Involved, Including the quantities and^ (ft) total quantity of licensed and Enforcement Regional Office listed in Appen- 
klnds of such material and the levels °^ ot her radioactive materials burled at any dix D, 

radioactivity Involved, and the proposed location and time does not exceed, at setting forth the following information, 
manner and conditions of disposal. The the time of burial. 1,000 times the amount I (1) A description of the licensed 
application should also Include an anal- specified In Appendix C of this Part: ““ 8 material involved, including kind, quan- 
v is and evaluation of pertinent Informs- (b) Burial Is at ft minimum depth of £ tity, chemical, and physical form; 

H oo tn the nature of the environment, four feet; and .. _ ^ (2) A description of the circum- 

topographical geological, me- (c) Successive burials are separated by u stances under which the loss.oj- theft 
^K^nThvSori^^iaricter- distances of at least six feet and not more g ^^ed; 

tiorological, and hydrgl surface than 12 burials are made In any year. | A statement of disposition or 

lattes; usage of ground and suriace . „ __ _ _, u. I 'him* disposition of the licensed 


LOQUUtaBiuu 

Records which must be maintained pur¬ 
suant to this part may be maintained In 
the form of microfilms. 

"*§ 20.402 Reports of theft or lo»« of 
iicensctl maleriaL 

(a) Each licensee shall report by tele¬ 
phone and telegraph to the Director of 
the appropriate Nuclear Regulatory Commis¬ 
sion Inspection and Enforcement Regional 
Office listed 

'in Appendix D. immediately after its oc¬ 
currence becomes known to the licensee, 
any loss ov theft of licensed material in 
such quantities and under such circum¬ 
stances that it appears to the licensee 
that a substantial hazard may result to 
I persons in unrestricted areas. 

! (b) Each licensee who is required to 

make a telephonic and telegraphic re¬ 
port pursuant to paragraph (a) of this 
section shall, within 30 days after he 
learns of the loss or theft, make a report 
in writing to the Director of Inspection and 
Enforcement, U.S. Nuclear Regulatory Com¬ 
mission, Washington, D.C 20555, with a 
copy to the Director of the appropriate Nu¬ 
clear Regulatory Commission Inspection and 
Enforcement Regional Office listed in Appen¬ 
dix D, 

setting forth the following information: 
(1) A description of the licensed 


Is tics; usage of grouna ana -- 

waters In the general area; the nature g 20.305 Treatment or dupoaal by Incm 

. . ai_.j afTpc.tpd ^ratlnn. 


waters m uie . 

and location of other potentially affected 
facilities; and procedures to be observed 
to minimize the risk of unexpected or 
hazardous exposures. 

I - "k <b) The Commission will not approve 
S any application for a license to receive 
” licensed material from other persons for 
£ disposal on land not owned by the 
to Federal government or by a State 
^government. 

I” (c) The Commission will not approve 
$ any application for a license for disposal 
F> o - ’ licensed material at sea unless the 
Z applicant shows that sea disposal offers 
£ leas harm to man or the environment 
<a than other practical alternative methods 
c 1 of disposal. 

”§ 20.303 Disposal by release into sani¬ 
tary sewerage systems. 

3 No licensee shall discharge licensed 


e ration. 

No licensee shall treat or dispose of 
licensed material by Incineration except 
as specifically approved by the Commis¬ 
sion pursuant to S8 20.106(b) and 20.302. 

hcoub. UFOiTS. situ ironncsTioit 

§20.401 Records ot surveys, radiation 
monitoring, and disposal. 

(a) Each licensee shall maintain rec¬ 
ords showing the radiation exposures of 
all individuals for whom personnel mon¬ 
itoring is required under § 20.202 of the 
regulations in this part. Such records shall 
be kept on Form NRC-5, in accord- 
ance with the instructions contained in 
that form or on clear and legible rec¬ 
ords containing all the information re¬ 
quired by Form NRC-5. The doses entered 
on the forms or records shall be for 
periods of time not exceeding one calen¬ 
dar quarter. 


occurred; 

(3) A statement of disposition or 
probable disposition of the licensed 
material involved; 

(4) Radiation exposures to individ¬ 
uals, circumstances under which the ex¬ 
posures occurred, and the extent of pos¬ 
sible hazard to persons in unrestricted 
areas; 

(5) Actions which have been taken, or 
will be taken, to recover the material; 

and ... 

(6) Procedures or measures which 
have been or will be adopted to prevent 
a recurrence of the loss or theft of 11- 
censed material. 

(c) Subsequent to filing the written 
report the licensee shall also report any 
substantive additional information on 
the loss or theft which becomes available 

Vo the licensee, within 30 days after he 
learns of such information. 

(d) Any report filed with t.te Com¬ 
mission pursuant to this section shall be 
so prepared that names of individuals 
who may have received exposure to 
radiation are stated in a separate part 
of the report. 


3 No licensee shall dlscnarge uceirscu i— radiation are stated in a separate p 

g material Into a sanitary sewerage system <b) Eacb u ceDS ee shall m ai n tain rec- ^ report. 

— unless: . Si ords in the ° arrlp units used In this part, |_ 

£ (a) it is readily soluble or dispersible^ showlng thfi results of surveys required p- 2() ^ Nolifiralion . of incident*. 

5 ^f^e^antity of any licensed or£ I <*> immediate notion Each^i 

„C 2S&W Sgi>1 20.302. 20.303, OBd 20304. £ 

| the system by e Records of individual exposure to r- Commission Inspection and Enforcement Re- 

I W Tand to radioactive material ? gional Office 


Redesignated 36 FR 23138. 
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an unrestricted area in excess of ten 
times any applicable limit set forth in 
.this part or in the licensee’s license. 

Each report required under 
this paragraph shall describe the extent 
of exposure of persons to radiation or to 
radioactive material, including estimates 
of each individual’s exposure as required 
by paragraph (b) of this section.; levels of 
radiation and concentrations of radio- 
g active material Involved; the cause of 
£ the exposure, levels or concentrations; 
a: and corrective steps taken or planned to 
u- assure against a recurrence. 

$ (b) Any report filed with the Commis¬ 

sion pursuant to this section shall in¬ 
clude for each individual exposed the 
name, social security number, and date 
of birth; and an estimate of the indi¬ 
vidual’s exposure. The report shall be 
prepared so that this information is 
stated in a separate part of the report. 

’ (0 t \ 

J 20.406 f l 

§ 20.407 Personnel exposure and 


itonng reports. 

(a) This section applies to each person li¬ 
censed by the Commission or the Atomic En¬ 
ergy Commission to: 

(1) Operate a nuclear reactor de¬ 
signed to produce electrical or heat 
energy pursuant to § 50.21(b) or 5 50.22 
of this chapter or a testing facility as 
defined in 5 50.2(r) of this chapter; 

(2) Possess or use byproduct material 
for purposes of radiography pursuant to 
Parts 30 and 34 of this chapter; 

(3) Possess or use at any one time, 
for purposes of fuel processing fabrica¬ 
tion, or reprocessing, special nuclear ma¬ 
terial in a quantity exceeding 5,000 grams 
of contained uranium-235, uranium-233, 
or plutonium or any combination thereof 
pursuant to Part 70 of this chapter; or 

(4) Possess or use at any one time, 
for processing or manufacturing for dis¬ 
tribution pursuant to Part 30, 32, or 33 
of this chapter, byproduct material in 
quantities exceeding anyone of the fol¬ 
lowing quantities: 


Radionuclide 1 
Cesium-137 ... 

Cobalt-60 _ 

Gold-198_ 

Iodlne-131 _ 

Irldlum-192_ 


Quantity In curies 

- 1 

_ 1 

_ 100 

_ 1 

_ 10 


Krypton-85_ 1, OOO Cj 

Promethium-147_ 10 

Technetlum-99m _ 1. 000 ® 

(b) Each person described in para- p, 
graph (a) of this section shall, within ' 
the first quarter of each calendar year, 
submit to the Executive Director for Opera¬ 
tions, U.S. Nuclear Regulatory Commission, 
Washington, D.C. 20555, the following re¬ 
ports, applicable to the described licensed 


activities covering the preceding calen¬ 
dar year; * 

(1) A report of either (i) the total 
number of Individuals for whom per¬ 
sonnel monitoring was required under 
5 § 20.202(a) or 34.33(a) of this chapter 
during the calendar year, or (ill the total 
number of individuals for whom person¬ 
nel monitoring was provided during the 
calendar year; Provided, that such total 
Includes at least the number of Individ¬ 
uals required to be reported under para¬ 
graph (b) (1) (i) of this section. The re¬ 
port shall indicate whether it is sub¬ 
mitted in accordance with paragraph 
(b) (1) (i) or (ii) of this section. 

(2) A statistical summary report of 
the personnel monitoring information 
recorded by the licensee for individuals 
for whom personnel monitoring was 
either required or provided, as described 
In 5 20.407(b) (1), indicating the number 
of individuals whose total whole body 
exposure recorded during the previous 
calendar year was In each of the follow¬ 
ing estimated exposure ranges: 

Estimated Whole Body Number of 

Exposure Range individuals in 

(Rems )* each, range 

No measurable exposure_ 

Measurable exposure less than 0.1_ 

0.1 to 0.25_ 

0.25 to 0.5__ 

0.5 to 0.75___ 

0.75 to 1___ 

1 to 2___ 

2 to 3_ 

3 to 4_ 

4 to 5_ 

5 to 6_ 

6 to 7_ 

7 to 8_ 

8 to 9...... 

9 to 10_ 

10 to 11_ 

11 to 12_ 

12+.-... 

The low exposure range data are re¬ 
quired in order to obtain better informa¬ 
tion about the exposures actually re¬ 
corded. This section does not require 
improved measurements. 

§ 20.408 Reports of personnel expo¬ 
sure on termination of employment 
or work. 

When an individual terminates em¬ 
ployment with a licensee subject to 
§ 20.407, or an individual assigned to 
work in such a licensee’s facility, but not 
employed by the licensee, completes his 
work assignment in the licensee’s facility, 
the licensee shall furnish * to the Executive 
Director for Operations, U.S. Nuclear Regu¬ 
latory Commission, Washington, D.C. 20555, 
a report of the in¬ 
dividual’s exposure to radiation and ra¬ 
dioactive material, incurred during the 


shown in Appendix D by telephone and 
telegraph of any incident involving by¬ 
product. source or special nuclear mate¬ 
rial possessed by him and which may 
have caused or threatens to cause: 

(1) Exposure of the whole body of any 
Individual to 25 rcms or more of radia¬ 
tion; exposure of the skin of the whole 
body of any individual of 150 rents or 
more of radiation; or exposure of the 
feet, ankles, hands or forearms of any 
individual to 375 rems or more of radia¬ 
tion; or 

(2) The release of radioactive mate¬ 
rial in concentrations which, if averaged 
over a period of 24 hours, would exceed 
5,000 times the limits specified for such 
materials in Appendix B, Table II; or 

(3) A loss of one working week or 
more of the operation of any facilities 
affected; or 

(4) Damage to property in excess of 
$ 100 , 000 . 

(b) Twenty-four hour notification. 
Each licensee shall within 24 hours 
notify the Director of the appropriate 
Nuclear Regulatory Commission Inspection 
and Enforcement Regional Office listed in 
Appendix D 

by telephone and telegraph of any inci¬ 
dent involving licensed material pos¬ 
sessed by him and which may have 
caused or threatens to cause: 

(1) Exposure of the whole body of any 
individual to 5 rems or more Qf radia¬ 
tion; exposure of the skin of the whole 
body of any Individual to 30 reave or 
more of radiation; or exposure of the 
feet, ankles, hands, or forearms to 75 
rems or more of radiation; or 

(2) The release of radioactive mate¬ 
rial In concentrations which. If aver¬ 
aged over a period of 24 hours, would 
exceed 500 times the limits specified for 
such materials in Appendix B, Table n; 
or 

(3) A loss of one day or more of the 
operation of any facilities affected; or o 

(4) Damage to property in excess of § 
$ 1 , 000 . ~ 

u. 

(c) Any report filed with the Com-$ 
mission pursuant to this section shall be 
prepared so that names of individuals 
who have received exposure to radiation 
will be stated in a separate part of the 
report 

§20.404 $ 

§ 20.405 Reports of overexposure* and 
excessive levels and concentrations. 

(a) In addition to any notification 
required by l 20.403. each licensee shall 
make a report in writing within 30 days 
to the Director of Inspection and Enforce¬ 
ment, U.S. Nuclear Regulatory Commission, 
Washington, D.C 20555, with a copy to the 
appropriate Nuclear Regulatory Commission 
Inspection and Enforcement Regional Office 
listed in Appendix D, 

of (1) each exposure of an individual to 
radiation or concentrations of radioac¬ 
tive material in excess of any applicable 
limit In this part or in the licensee's 
license; (2) any incident for which noti¬ 
fication is required by $ 20.403; and (3) 
levels of radiation or concentrations of 
radioactive material (not Involving ex¬ 
cessive exposure of any individual) in 


J Deleted 38 FR 22220. 


1 The Commission may require, as a license 
condition, or by rule, regulation or order 
pursuant to I 20.502, reports from licensees 
who are licensed to use radionuclides not on 
this list, In quantities sufficient to cause 
comparable radiation levela. 
t Deleted 38 FR 22220. 


—y 1 

'A licensee whose license expires or termi¬ 
nates prior to, or on the last day of the cal¬ 
endar year, shall submit reports at the expir¬ 
ation or termination of the license, covering 
that part of the year during which the license 
was in effect. 

■Individual values exactly equal to the 
values separating Exposure Ranges shall be 
reported In the higher range. 

• Amended 38 FR 22220. 
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I period of employment or work assign¬ 
ment in the licensee’s facility, contain¬ 
er ing information recorded by the licensee 
In pursuant to 58 20.401(a) and 20.108. Such 
" report shall be furnished within 30 days 
£ after the exposure of the individual has 
a been determined by the licensee or 90 
” days after the date of termination of em¬ 
ployment or work assignment, whichever 
_is earlier. 

~§ 20.409 Notification* and report* to 
individuals. 

(a) Requirements for notifications 
and reports to individuals of exposure to 
4 radiation or radioactive material are 
cj specified in 5 19.13 of this chapter, 
o! (b) When a licensee is required pur- 
£ suant to 55 20.405 or 20.408 to report to 
!£ the Commission any exposure of an in- 
on dividual to radiation or radioactive ma- 
” terial, the licensee shall also notify the 
individual. Such notice shall be trans¬ 
mitted at a time not later than the 
transmittal to the Commission, and shall 
comply with the provisions of 5 19.13(a) 
of this chapter. 


Exceptions and Additional 
Requirements 

§ 20.501 Application* for exemptions. 

The Commission may, upon application 
by any licensee or upon its own initiative, 
grant such exemptions from the require¬ 
ments of the regulations in this part as 
it determines are authorized by law and 
will not result in undue hazard to life or 
property. 

§ 20.502 Additional requirements. 

The Commission may, by rule, regula¬ 
tion, or order, impose upon any licensee 
such requirements, in addition to those 
established in the regulations in this 
part as it deems appropriate or necessary 
to protect health or to minimize danger 
to life or property. 


’§ 20.601 Violations. 

An injunction or other court order 
may be obtained prohibiting any viola¬ 
tion of any provision of the Atomic 
Energy Act of 1954, as amended, or Title 
II of the Energy Reorganization Act of 
1974, or any regulation or order issued 
thereunder. A court order may be ob¬ 
tained for the payment of a civil penalty 
imposed pursuant to section 234 of the 
Act for violation of section 53, 57, 62, 63, 
81 82 101, 103, 104, 107, or 109 of the 
Act or section 206 of the Energy Reorga¬ 
nization Act of 1974, or any rule, regula¬ 
tion, or order issued thereunder, or any 
term condition, or limitation of any 
license issued thereunder, or for any 
violation for which a license may be re¬ 
voked under section 186 of the Act. Any 
person who willfully violates any pro¬ 
vision of the Act or any regulation or 
order issued thereunder may be guilty of 
a crime and, upon conviction, may be 
punished by fine or imprisonment or 
both, as provided by law. 
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NOTE TO APPENDIX B 

„, o r ? OTE , : In <*se where there is a mixture in air or 
water of more than one radionuclide, the limiting values 
g*™. °f this Appendix should be determined as 

nli' th ?uidentity and concentration of each radionu- 
cllae in the mixture are known, the limiting values 
should be derived as follows: Determine, for each ra-| 
dionuclide in the mixture, the ratio between the quantity to 
F“® nt . the mixture and the limit otherwise estab £ 
A PP en dn B for the specific radionuclide when- 
ture .v Th , e sum of such ratios for all the - 
radionuclides in the mixture may not exceed “ 1 ” (i.e., 0 ^ 

Example: If radionuclides A, B, and C are present to 
in concentrations C A , Cb, and Cc, and if the applicable™ 

S’ S :t are .P CA ' and MPCb - and MPC c respec- 
Jha Ml th ?" th 1 “ n «mtrations shall be limited so that 
the following relationship exists: 

_C* ■ C, C C 
MPC a t MPCb + MPC c " 


j'i ^ el , t ,j Cr identity or the concentration of any 
radionuclide in the mixture is not known, the limiting, 
values for purposes of Appendix B shall be: *1 

a. For purposes of Table I, Col. 1—6 x 10- u 

b. For purposes of Table I, Col. 2—4 X 10- 1 

c. For purposes of Table II. Col. 1—2 x 10-« 

d. For purposes of Table II, Col. 2—3 x 10-« 


3. If any of the conditions specified below 
are met, the corresponding values specified 
below may be used In lieu of those specified 
in paragraph 2 above. 

a. If toe identity of each radionuclide In 
the mixture is known but the concentration 
of one or more of the radionuclides In toe 
not kn °wn, the concentration 
limit for the mixture is toe limit specified 
in Appendix **B” for the radionuclide in the 
mixture having the lowest concentration 
limit; or 

,.. b- ^ tbe Identity of each radionuclide in 
toe mixture is not known, but it is known 
that certain radionuclides specified In Ap¬ 
pendix "B” are not present in toe mixture, 
the concentration limit for toe mixture is 
toe lowest concentration limit specified in 
Appendix "B" for any radionuclide which is 
not known to be absent from toe mixture; 


| c. Element (atomic number) and isotope 

Table I 

Table II 

Column 1 
Air kCi/ml) 

Column 2 
Water 
GiCi/ml) 

1 

Column 1 
AIr((iCi/ml) 

Column 2 
Water 
GiCi/ml) 

If It Is known that Sr 90, I 125, I 120, 1129, I 131 , (I 133 
table II only), Pb 210, Po 210, At 211, Ka 223, Ra 224’ 
Ra 226, Ac 227, Ra 228 , Til 230, Pa 231, Th 232 Th5 
_ nat. Cm 248, Cl 254, and Fill 250 are not nresent 


9X10-» 

6X10-* 

2X10-9 

3X10-9 


3X10-* 

2X1IH 

6X10-9 

1X10-9 

O If It is known that Sr 90, I 125, I 126, I 129, (I 131 ] 133 
00 table II only), Pb 210, Po 210, Ra 223, Ra 220, Ra 228,’ 

“? Pa 231, Th-nat, Cm 248, Cl 254, and Fin 256 are not 

present.. 



H- If it is known that Sr 90,1 129, (1 125,1 126,1 lit!, table II 
only), Pb 210, Ra 226, Ra 228, Cm 248, ar.d C( 254 are 
O not present. 



™ If it is known that (1129, table II oniyj, Ra 226, and Ra 
228 are not present. 



If it Is known that alpha-emitters and Sr 90, I 129 Pb 
210, Ac 227, Ra 228, Pa 230, Pu 241. and Bk 249 are not 
present. 

3X10-4 

3X10-19 

3X10-“ 

3X10-“ 

1X10-9* 

1X10-91 

1X10-99 

1X10-99 

11 it is known that alpha-emitters and Pb 210, Ac 227 
Ra 228, and Pu 241 are not present 



If it i9 known that aJpha-cinitters and Ac 227 are not 
present.. 



II it is known that Ac 227, Th 230, Pa 23b Pu 238 Pu 
239, Pu 240, Pu 242, Pu 244, Cm 248, Cf 249 and Cf 251 
are not present... 



- --—- 




cnj K the mixture of radionuclides con- 
m sists of uranium and its daughter products- 
co in ore dust prior to chemical processing of 
q- the uranium ore, the values specified below 
ul may be used in lieu of those determined in 
in accordance with paragraph 1 above or those 
™ specified in paragraphs 2 and 3 above. 

o~ »■ For purposes of Table I, Col. 1—1X10“ 
m nCi/ml gross alpha activity; or 6X10- U nCU 
m ml natural uranium; or 76 micrograms per 
™ cubic meter of air natural uranium, 
oc b. For purposes of Table II, Col. 1—3 X 10-“ 
ACi/ml gross alpha activity; or 2XHH 3 ^Cl/ 
m ml natural uranium; or 3 micrograms per 
I cubic meter of air natural uranium. 

r 5. For purposes of this flote, a radio¬ 
nuclide may be considered as not present In 
a mixture if (a) the ratio of the concentra¬ 
tion of that radionuclide In the mixture 
to (C A ) to the concentration limit for that 
g radionuclide specified in Table n of Ap- 
= pendlx B (MPCi) does not exceed Mo 
^ Ca 1 

^ ( 1 ' e ‘ ~ MPC l =Io ^ and ( b ) the 811111 °f such 

‘ 4 ratios for all the radionuclides considered as 
not present In toe mixture does not exceed 
54 

Ca Cb 

_ (le - 'UPC A + MPCb + . ^ 54 ). 
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PART 20 • STANDARDS FOR PROTECTION AGAINST RADIATION 


APPKNDtX C 


Material Microcuries 

Amerlcium-241 _ . 01 

Antimony-122 _ 100 

Antimony-124 _ 10 

Antimony-125 _ lO 

Arsenlc-73_ 100 

Arsenlc-74 _ 10 

Arsenic-76_ 10 

Arsenlc-77_ 100 

Barlum-131 _ 10 

•Barium-133 - 10 

Barlum-140 _-_ 10 

Blsmuth-210 _ 1 

Bromlne-82 _ 10 

Cadmlum-109 _ 10 

Cadmlum-115m _ 10 

Cadmium-115 _ 100 

Calcium-45_ 10 

Calclum-47 -_ 10 

Carbon-14_ 100 

Cerium-141 _ 100 

Cerium-143 _ 100 

Cerium-144_ 1 

Cesium-131 _ 1,000 

Cesium-134m _ 100 

Cesium-134_ 1 

Cesium-135 _ 10 

Ceslum-130_ 10 

Cesium-137_ 10 

Chlorine-36.. 10 

Chlorine-38_ 10 

Chromium-61 _1, 000 

Cobalt-58m_ 10 

Oobalt-58 _ 10 

Cobalt-60 _ 1 

Copper-64_ 100 

Dysprosium-165 _ 10 

Dysprosium-166 __ 100 

Erbium-169 _ 100 

Erbium-171 _ 100 

L j Europium-152 9.2 h_-_ 100 

rj| Europlum-152 13 yr_ 1 

5 Europium-154_ 1 

££ Europium-155_ 10 

u. Fluorine-18 _ 1,000 

in Gadolinium-153 _ 10 

*7 Gadolinium-159 _ 100 

Gallium-72_ 10 

Germanium-71 _ 100 

Gold-198_ 100 

Gold-199 .. 100 

Hafnlum-181 - 10 

Holmlum-166_ 100 

Hydrogen-3 _1,000 

Indlum-ll3m_ 100 

Indium-114m_ 10 

Indium-115m_ 100 

Indium-115 . 10 

Iodine-125 _ 1 

Iodine-126 _ 1 

Iodine-129 _ 0.1 

Iodine-131 _ 1 

Iodine-132 _ 10 

Iodine-133 _ 1 

Iodine-134 _ 10 

Iodine-135 _ 10 

Iridium-192_ 10 

Iridium-194 _ 100 

Iron-55 _ 100 

Iron-59 _ 10 

Krypton-85 _ lOO 

Krypton-87 _ 10 

Lanthanum-140 _ 10 

Lutetlum-177 _ 100 

Manganese-52 _ 10 

Manganese-54 _ 10 

Manganese-56 _ 10 

Mercury-19 7m_ 100 

Mercury-197_ 100 

Mercury-203 _ 10 

Molybdenum-99 _ 100 

Neodymium-147 _ 100 

Neodymlum-149 _ 100 

Nlckel-59 -. 100 

Nickel-63. 10 

Nlckel-65_ 100 

Nlobium-93m_ 10 

Nloblum-95 _ 10 

Niobium-97 _ 10 

Osmium-185 _ 10 


Material 

Osmium-191m’_ 

Osmium-191 _ 

Osmium-193 _ 

Palladium-103- 

Palladium-109- 

Phosphorus-32_ 

Platinum-191 - 

Platinum-193m- 

Platinum-193 _ 

Platlnum-197m_ 

Platinum-197 _ 

Plutonium-239 _ 

Polonium-210 _ 

Potassium-42- 

Praseodymium-142_ 

Praseodymium-143 _ 

Promethlum-147_ 

Promethium-149_ 

Radium-226 _ 

Rhenium-186__ 

Rhenium-188_ 

Rhodlum-103m_ 

Rhodium-105 __ 

Rubldlum-86- 

Rubidium-87_ 

Ruthenium-97_ 

Ruthenium-103_ 

Ruthenium-106 - 

Ruthenium-106_ 

Samarium-151_ 

Samarium-153_ 

Scandium-46 _ 

Scandlum-47 _ 

Scandlum-48 _ 

Selenium-75_ 

Sllicon-31 _ 

Silver-106 _ 

Silver-110m_ 

Silver-111 _ 

Sodium-24 _ 

Strontium-85_ 

m Strontium-89_ 

^ Strontium-90_ 

3 Strontlum-91_ 

a; Strontium-92_ 

u. Sulphur-35_ 

in Tantalum-182 _ 

” Technetlum-96 _ 

Technetlum-97m _ 

Technetlum-97 _ 

Technetlum-99m _ 

Technetlum-99 _ 

Tellurium-125m _ 

Tellurium-127m _ 

Tellurlum-127_ 

Tellurium-129m _ 

Tellurium-129 _ 

Tellurium-131m _ 

Tellurium-132 - 

Terbium-160 _ 

Thallium-200 _ 

Thallium-201_ 

Thallium-202 _ 

Thallium-204 _ 

**Thorlum (natural) 1 - 

Thulium-170_ 

Thullum-171 __ 

Tin-113 ..—.. 

Tin-125 .. 

Tungsten-181_ 

Tungsten-185 _ 

Tungsten-187 _ 

**Uranlum (natural)*_ 

Uranlum-233 - 

Uranium-234—Uranium-235 

Vanadium-48_ 

Xenon- 131m _ 

Xenon-133 _ 

Xenon-135 - 

Ytterbium-175 - 

Yttrium-90-,- 

Yttrlum-91_ 

Yttrium-92_ 

Yttrlum-93_ 

Zinc-65 _ 

Zinc-69m _ 

Zinc-69 _ 

Zirconium-93_ 

Zirconium-95_ 

Zlrconlum-97_^_ 


Microcuries 

100 


100 

100 

100 

10Q 

10 

100 

100 

100 

100 

100 


-013 

0 . 1 _. 


10 

100 

100 

10 

10 

. I 

100 

100 

100 

100 

10 

10 

100 

10 

10 

1 

10 

100 

10 

100 

10 

10 

100 

10 

1 

100 

10 

10 

1 


0 . 1 
10 
10 
100 
10 
10 
100 
100 
100 
10 
10 
10 
100 
10 
100 
10 
10 
10 
100 
100 
100 
10 
100 
10 
10 
10 
10 
10 
10 

. 100 
. 100 

.01 

.01 

10 

1,000 

100 

100 

100 

10 

10 

100 

100 

10 

100 

1,000 

10 

10 

10 


Any alpha emitting radionuclide 
not listed above or mixtures ol 
alpha emitters of unknown com¬ 
position _ . 01 

Any radionuclide other than alpha 
emitting radionuclides, not listed 
above or mixtures of beta emit¬ 
ters of unknown composition— . 1 

Non: For purposes of 55 20.203 and 20. 304, 
where there is involved a combination of iso¬ 
topes In known amounts the limit for the 
combination should be derived as follows: 
Determine, for each Isotope In the combina¬ 
tion, the ratio between the quantity present 
in the combination and the limit otherwise 
established for the specific Isotope when not 
in combination. The sum of such ratios for 
all the Isotopes in the combination may not 
exceed "1” (l.e., "unity”). Example: For pur¬ 
poses of { 20.304, if a particular batch con¬ 
tains 20,000 pCif of Au 198 and 50,000 pCif 
of C 14 , it may also include not more than 
300 pCif of I 131 . This limit was determined 
as follows: 

10.000 uCi Au 198 . 50.000 uCl C 14 + 100 11 CI I 131 . t 
100,000 11 CI 100,000 uCl 1.000 uCl 

Hie denominator In each of the above 
ratios was obtained by multiplying the figure 
In the table by 1,000 as provided In 5 20.304. 


'Based on alpha disintegration rate of 
Th-232, Th-230 and their daughter products. 

> Based on alpha disintegration rate of 
U-238, U-234, and U-235. 

* Amended 36 FR 16898. 

** Amended 39 FR 23990. 
t Amended 38 FR 29314. 
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PART 20 • STANDARDS FOR PROTECTION AGAINST RADIATION 


Appendix D 

UNITED STATES NUCLEAR REGULATORY COMMISSION 


INSPECTION AND ENFORCEMENT REGIONAL OFFICES 


Region 

Address 

Telephone 

Daytime 

Nights and 
Holidays 

1 

Connecticut, Delaware, District of Co¬ 
lumbia, Maine, Maryland, Massachu¬ 
setts, New Hampshire, New Jersey, i 

New York, Pennsylvania, Rhode is¬ 
land, and Vermont 

Region 1. USNRC 

Office of Inspection and 
Enforcement 

631 Park Avenue 

King of Prussia, Pa. 19406 

(215 >-337-1150 

(215) 337-1150 

fl* 

Alabama,.Florida, Georgia, Kentucky, 
Mississippi, North Carolina, Panama 
Canal Zone, Puerto Rico, South 
Carolina, Tennessee, Virginia, Virgin 
Islands, and West Virginia 

Region II, USNRC 

Office of Inspection and 
Enforcement 

230 Peachtree St., N.W. 
Suite 818 

Atlanta, Ga. 30303 

(404) 526-4503 

(404) 526-4503 

III 

Illinois, Indiana, Iowa, Michigan, Minne¬ 
sota, Missouri, Ohio, and Wisconsin 

Region III, USNRC 

Office of Inspection and 
Enforcement 

799 Roosevelt Road 

Glen Ellyn, III. 60137 

(312) 858-2660 

*(312) 739-7711 

IV* 

Arkansas, Colorado, Idaho, Kansas, 
Louisiana, Montana, Nebraska, New 
Mexico, North Dakota, Oklahoma, 
South Dakota, Texas, Utah, and 
Wyoming 

•Region IV, USNRC 

Office of Inspection and 
Enforcement 

611 Ryan Plaza Drive 

Suite 1000 

Arlington, Texas 76012 

*(817) 334-2841 

*(817) 334-2841 

V 

Alaska, Arizona, California, Hawaii, 
Nevada, Oregon, Washington, and U.S. 
territories and possessions In the 

Pacific 

* Region V, USNRC 

Office of Inspection and 
Enforcement 

1990 N. California Blvd. 
Suite 202 

Walnut Creek, Calif. 

94596 

**(415) 4 86-3141 

(415) 273-4237 


■38 FR 17198- 


• Amended. 

•• Amended 39 FR 17972. 


NOTE: The reporting end record keeping 
requirement! contained in § § 20.205(b) and 
20.205(c) and required by § 20.401(b) have 
been approved by GAO under B-180225 
(R0054). The approval expiree June 30, 
1977. 
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APPE'iD IX II 

2 n TABLE 


l 


2 n T ABLE 





TABLE (2 n values) 

Guide for Safe Siding 2 n Table Values 


Unknown 

Enter 2 n Table 
with 

Select 

Leave 2 n Table 
with 

: l/2> t l/2 

2 n 

smaller 2 n 

n 

X, t 

2 n 

larger 2 n 

n 

R 

n 

smaller n 

2 n 

R 

n 

larger n 

2 n 



The use of the guide for safe 3iding depends on the variable which 
is unknown,, For example, if the thickness is unknown, find X in the 


"unknown" column, read to the right. Find that you should enter the 
table with 2 n , select the larger value of 2 n , select the larger value 
of 2 n and leave with the value of n corresponding to that largest value. 
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2 n 

n 

2 n 

n 

2 n 

n 

256 

11.0 

2048 

i4.o 

16384 

17.0 

272 

11.1 

2200 

i4.i 

17600 

17.1 

292 

11.2 

2360 

14.2 

18850 

17.2 

312 

11.3 

2530 

14.3 

20200 

17.3 

338 

11.4 

2640 

14.4 

21800 

17.4 

360 

11.5 

2900 

14.5 

23200 

IT. 5 

385 

11.6 

3110 

14.6 

24800 

17.6 

415 

11.7 

3330 

14.7 

26600 

17.7 

445 

11.8 

3560 

14.8 

28500 

17.8 

480 

11.9 

3820 

14.9 

30600 

17.9 

512 

12.0 

4096 

15.0 

32768 

18.0 

550 

12*1 

4390 

15.1 

35100 

18.1 

580 

12.2 ‘ 

' 4790 . 

15.2 

37600 

18.2 

630 

12.3 

5070 

15.3- 

40200 

18.3 

680 

12.4 

5420 

15.4 

43200- 

18.4 

720 

12.5 

5790 

15.5 

46400 

18.5 

770 

12.6 

6200 

15.6 

49600 

18.6 

830 

12.7 

6760 

15-7 

53300 

18.7 

890 

12.8 

7120 

15.8 

57400 

18.8 

950 

12.9 

7630 

15.9 

6l600 

18.9 

1024 

13.0 

8192 

16.0 

65536 

19.0 

1100 

13.1 

8760 

16.1 

69700 

19.1 

1180 

13.2 

9410 

16.2 

75800 

19.2 

1260 

13.3 

10100 

16.3 

80000 

19.3 

1350 

13.4 

10870 

16.4 

86200 

19.4 

1455 

13.5 

11600 

16.5 

92300 

19.5 

1560 

13.6 

12900 

16.6 

99500 

19.6 

1670 

13.7 

13300 

16.7 

107000 

19.7 

1780 

13.8 

14200 

16.8 

115000 

19.8 

1920 

13.9 

15400 

16.9 

122000 

19.9 

20.0 




211000 

228000 

246000 

262000 

279000 

299000 

320000 

327000 

369000 

395000 

426ooo 

456000 

492000 

525000 

564ooo 

594000 

646ooo 

696000 

738000 

788000 

852000 

903000 

974000 

1050000 
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